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ADVERTISEMENT. 



It was intended to have completed the subject of 
Special Construction in this Second Part, but it was 
found impossible to do so without either treating it 
more bríefly than would be desirable, or, on the 
other hand, so /ar exceeding the limits which had 
been assigned to the work as to oblige the necessitjr 
of raising its price. The conclusion of this sabject 
will, therefore, be given in a Third Part, containing 
a detailed descríption with engravings of the Charing 
Cross Suspension Bridge, which will be foUowed by 
an article on the Construction of Tunnels, and the 
remainder of the Part will be devoted to the im- 
portant subject of Hydraulic Engineering. 

H. L. 

20th Feb. 1849. 
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PART II. 



CHAPTER IV, 

SPECIAL C0N8TRUCTI0N. 
COMMON ROADS. 

Determination of Route, 

In the lajing out either of a canal, common road, 
or railway, the first and one of the most important 
points to be considered is the determination of its 
route or general course. The selection of the best 
line should be guided by many circumstances, 
amongst which the foUowing are the most impor- 
tant; the primary object being usually the con- 
nexion of two distant towns, it is desirable to obtain 
the most direct and shortest means of commnnica- 
tion, which in point of distance would obviously be 
a straight line; but it is very seldom that a per- 
fectly straight line can be obtained, becanse there 
are other requisites eqnally desirable, which can 
seldom be attained by taking the most direct route ; 
these are, as little deviation in the suríaee of the 
road or canal from a perfect levei as possible, 

B 
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(avoiding steep inclines in one case and locks in 
the other), economy in the construction of the Une, 
the cost of which will be principally afiected by the 
uneyenness of the original surface of the countiy, 
the nature of the ground, and the number of 
streams, rivers, roads, &c., required to be crossed 
by bridges. There is also another circumstance 
which frequently makes it desirable to leave the 
direct and take a somewhat circuitous course, and 
this is the passing through or near to intermediate 
towns lying between the terminal ones, by which 
the country generally is better served, and an ac- 
cession of traffic brought to the road or canal. 

The course of the best line depending on so 
many circumstances, it will be easily understood 
that it requires much care and consideration on the 
párt of the Engíneer for its selection. In ordér to 
obtain the requisite data, or the information upon 
which to form his jadgment, he usually proceeds to 
a general examination of the district, in which, as- 
sisted by some good map showing the physical 
feature of the surface, and accompanied by some 
person conversant with the country, he ascertains 
the courses of the valleys and hills, makes general 
inquines as to the nature of the strata, the position, 
population, and trade of the neighbouring towns, 
and aU other points which may affect his selection. 
He then sketches out one or more lines which 
appear to him to be most advantageous, which he 
has carefuUy surveyed and levelled over, hanng also 



CIVIL ENGINEERINO. 3 

CTOss leveis taken by which he may be able to 
ascertain whether any benefit may be obtained by 
deviating ÍTom the line at first laid down. 

Being thus in possession of ali the requisite in- 
formation, he finally determines the course of the 
line, which is then laid down upon the plan, and 
also marked on the ground by driving a wooden 
stake, about eighteen inches in length, into the 
ground, upon the center of the intended road or 
canal, at convenient distances, usually a chain 
(or 66 feet) apart. Very careful leveis are then 
taken over the line thus marked out, every undula- 
tion in the surface of the ground being taken notice 
of ; the width of every stream, river, canal, road, 
&c. is measured, as also the ]evel of its surface and 
the exact angle (called the angle of skew) which its 
direction makes with that of the line; it is also 
necessary, where the surface of a road crossed by 
the line will require to be altered, to have leveis 
taken along it for a short distance, so that the exact 
amount of such alteration may be accurately de- 
termined. From these leveis a section must be 
formed representing upon paper the undulations of 
the ground; in order to render these more «asily 
perceptible, it is usual to distort the section by 
drawing the lengths and heights to difierent scales. 
For example, suppose figure 47 to represent a 
section of a short line of railway. The irregular 
line ABCDEFGH, represents the sur&ce of the 
ground; but, in order to render the undulation in the 

B 2 
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game more distinct, *^ 
the horizontal dis- 
tances are drawn 
ou a scale of 50 
chains to the inch, 
that is, eveiy inch 
measared dong the 
line I K represents 
a distance of 50 
chains or 3300 feet 
on the ground, 
while the vertical 
heights are drawn 
to a scale of 100 
feet to the inch, 
that is, eveiy inch 
measured in a di- 
rection perpendi- ^ 
cular to the line 
I R represents a 
height of 100 feet. 
It is usual to 
refer the leveis to 
some' fixed point 
termed the Datumj 
which in the pre- 
sent instance is 
taken 45 feet below SI 
íhe sarfaoe of the 



40^> 
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ground at the point a ; a line i k, called the datum 
liney being then drawn horizontally through the 
datum, the heights of the ground at any point are 
always measured from it. 

The leveis having been taken and the surface 
of the ground plotted or drawn in section, the 
next step is to determine the leveis at which 
the intended road or railway shall be formed; 
the latter being the most difficnlt and reqairing 
the most consideration will afford us the 
best example. Noir, the principal objects to 
be borne in mind are, to make the surface of 
the railway as nearly levei as possible, to m^ke 
the cuttings and embankments balance each other, 
that is, to make as nearly as may be, the qnantitj of 
ground excavated from the higher parts, equal to 
that required to form the embankment across the 
more depressed parts, to alter and afifect prejudi* 
cially the existing roads, &c., as little as practi- 
cable, and to keep the cost of the line as low as 
possible. In the present instance roads are crossed 
at B, D, £ and f, of which it is desirable that only £ 
should be altered in levei ; there are also two rivers c 
and 6, both of which require a bridge having a clear 
beadway of at least 17 feet. Now, in order to pass 
under a road without raising it, the rails must be 18 
feet below its surface, and, in order to leave a clear 
headway of 17 feet at c, the rails must be made 20 
feet above that point. If, then, we draw a line a d 
folfilling these conditions, it will represent the sur- 
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táce oí the rails, and the railway will be in cutting 
from A to Lf and on an embankment from l to d. 
Tbe dUtance a d is 9 chains or 5940 feet, and the 
height of the rails at a 40 feet above the datum, and 
at D 45 feet above the same, being a rise of 5 feet in 
a distance of 5940 feet, or l foot in 1188, which is 
the inclination of the sarface of the rails, and is 
technically termed the gradient. The next point 
requiring consideration is the road at f, in order to 
avoid raising which, the levei of the rails must be 
kept as before 18 feet below its surface ; putting the 
point M then that distance below f, and drawing the 
line D M, it will represent the surface of the rails, 
the whole distance being in catting. The cutting 
at E being only 10 feet in depth, it will be necessary 
to raise the road at that point 8 feet, in order to 
obtain sufficient headway for the railway to pass 
under it. A cross section must be made similar to 
that shown in the figure, in which the whole line a b 
represents the original surface of the road, the 
dotted line c d the proposed surface of the road 
after being raised 8 feet, the inclination at which it 
is to be formed being 1 in 20, and the short thick 
line ^/the levei of the rails. The distance from d 
to M is 10 furlongs, or 6600 feet, and the rise of the 
rails 6^ feet, or 1 in 100, which is the gradient of 
that portion of the railway. In arranging the levei 
of the line írom m to h, we must take care to leave 
a headway of 17 feet in passing over the ri ver at G, 
and at first sight this might appear to be the only 
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circumstance to be attended to. If, however, the 
leveis were so arranged as onlj to leave a headway 
of 17 feet at the ri ver, the Une would terminate with 
a descending gradieut of 1 in 108, which would be 
very objectionable, because it is always desirable to 
make a railway approach the terminus on the levei, 
or even with a rising gradient, which latter serves 
the double purpose of checking the speed of trains 
coming in, and assists in quickly getting up the 
speed of those going out. It will therefore be ad- 
visable to raise the Une so as to lessen the rate of 
inclination, the doing which will be attended with 
very small expense, because the cutting from d to 
M wiU afibrd ali the material required for forming 
the embankment. If we, therefore, increase the 
gradient to 1 in 600, the distance írom M to h being 
7 furlongs, or 4620 feet, the fali in the Une will be 
7*7 feet, and therefore its levei at the terminus 
103*3 feet above the datum; and it will be in 
cutting from m to o, and on embankment from o 
to H. 

Of the Course, Gradiente and Transverse Section 

of the Road, 

In determining the course of a road, it is fre- 
quently necessary, in order to avoid some obstacle, 
to change or alter its direction ; in such cases, the 
larger and more regular the curve of the road is 
made the better, although with common roads it is 
not necessary to pay so much attention to this point 
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as with railways, and in some instance a very sharp 
curve or bend may be found necessary. 

In arranging the leveis of a road (as also a rail- 
way or canal) it is very desirable to avoid undula* 
tions in its suríace, that is, successive inclined 
planes alternately rising or falling, since much 
power is required to be expended in going up the 
hillSy while very little will be saved in descending 
them. When, therefore, the two towns to be con« 
nected are nearly on the same levei, we shonld 
endeavour to make the surfa^e of the road as nearly 
levei as possible; and, when one town stands on a 
higher levei than the other, the connecting road 
shonld be formed as nearly as possible with a 
regular inclination rising from the lower to the 
higher. This may írequently be partially efiected 
by making the road wind round the side of steep 
hills, or deep valleys, keeping in each case at the 
levei required ; it is, however, very seldom that we 
can entirely attain this desirable condition of the 
surface of the road. 

When, however, undulations in the surface of the 
road are unavoidable, we should endeavour to make 
them as slight as possible, the limit (except in very 
urgent cases) being that inclination at which a 
carriage once set in motion upon the road would 
continue to descend by the action of gravity alone, 
because, if the hill is steeper than this, the carriage 
would have its motion accelerated in descending, 
and would press upon the horses, urging them 
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forward beyond a safe speed. This limit is attamed 
when the inclination of the road is made equal to 
the limiting angle of resistance for tbe materiais 
composing its surface, and therefore varies with the 
nature of the road, depending for its value upon the 
force' required to move a given load npon it. The 
following Table exhibits the force required to move 
a load of a ton on each of tbe roads described, as 
also the limiting angle of resistance and the greatest 
inclination which ought to be given to the road. 



Deicriptioii of the Road. 



Well-laid pavement 

Broken stoae surface, on a bot- 
tom of rough pavement or 
eoncrete ....... 

Broken stone surface, laid on an 
old flint road 

Gravei road 







il« 


áa 
.as 


-a 

ti 
11 


Greatest ind 
tion which sho 
he given to th 
road. 




• f 




38 


ÕO 


1 in 68 


46 


1 11 


lm49 


65 


1 40 


lin34 


147 


3 45 


1 in 15 

1 



In arranging the cross section of a road, the width 
must depend upon the locality and the amount of 
traffic : for roads much frequented between large 
towns the width should not be less than 30 feet, 
with one footpath of about 6 feet in width; and, 
on approaching the immediate neighbourhood of the 
city, it may be increased to 45 or 50 feet, with two 
footpaths, each of 6 feet. The form of its cross 

B 3 
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gection should be rounding, in order that rain falling 
upon it may readily drain off and not remaiii in 
puddies, which woald soak through and soften the 
foundation of the round. The form most usually 
adopted is that of a flat ellipse, bat this is not so 
good as the segment of a circle, or, better still, two 
tangents joined by a segment, the ellipse being too 
flat in the center of the road and gi^ing too great 
an inclination at its sides. With a width of 30 
feet, the crown of the road should not be more than 
6 inches above the sides, and in most cases it would 
be better not to make it more than 4 inches higher. 
The surface of roads shoald always be as much as 
possible exposed to the free action of the sun and 
wind, by which rain falling upon it is speedily eva- 
porated and its surface is maintained dry; for which 
reason high fences or hedges by the sides of roads 
are objectionable, as are also trees standing by the 
road-side, which not only impede the sim and wind, 
but also injure the road by the drippings of rain 
falling firom their leaves. Ditches should be formed 
on each side of the road to catch the water draining 
from its surface ; and on the side on which is the 
footpath small drains should be formed under the 

Fig,4S. 
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same, to lead the water firom the gutter on that side 
into the ditch. Figure 48 exhibits a road 30 feet in 
width, mth one footpath 6 feet wide, having its cross 
section of the form recommended above, and wíth 
side ditches. 

However efficiently the surface of a road may be 
drained by preserving its cross section of the proper 
form and firee firom depressions and ruts, and 
although fireely exposed to the action of the sun 
and wind, unless the superficial coating of the road 
is very compact, some portion of the rain falling 
upon it will soak through, and find its way to the 
foundation upon which the road is formed. It is 
therefore customary in good roads, in order to re- 

substratum of the road, to form open tile drains 
across the road at certain intervals, depending upon 
circumstances, but usually about 60 yards apart, 
and having a slight inclination firom the center of 
the road into the ditches on each side. When the 
road is levei, these transverse drains should run 
straight across it at right angles to its direction ; but, 
when it is inclined, the drains should be formed 



Fig, 49. 
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as shown on the plan, fig. 49, making an angle in the 
center of tbe road, from which point they ron 
straigbt each way into the side ditch, slightly in- 
clined in the directioii in which the road falis. 



Of the different kinds of Roads, and the Materials 
employed in their Construction. 

In the construction of any kind of road, the point 
requiring the first care is to form a good and 
sufficient foundation; hy properly attending to 
which, aJthough the cost of its formation may be 
somewhat increased, any additional outlay on that 
account will be more than repaid by the saving 
which will resalt in the expense of repairing the 
road. In the general practice, the formation of a 
good foundation is seldom sufficiently attended to, 
the principal care being usually bestowed upon the 
superficial coating; if, however, the foundation of 
the road is deficient, no care or expense bestowed 
upon the covering will render the road durable. 
It should be borne in mind that the substratum is 
really the working road which has to support the 
weight of the passing traffic, and that the office of 
the covering is simply to protect the actual road 
beneath it from wear. 

Roads may be divided into two kinds, those 
which have their surface protected by paving, 
whether of stone, wood, &c., and those whose 
surface is formed by a covering of broken stones, 
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or macadamued^* The latter method derives its 
name from the gentieman by whom they were first 
brought into notice. 

In forming a macadamised road, if the ground is 
firm and dry, the onlj preparation required is to 
bring its surface to a true levei ; should it however 
be at ali wet, or of a marshy character, the portion 
upon which the road is to be formed should be 
first carefully and thoroughly drained, which may 
usually be most efiectually done by cutting deep 
drains running parallel to the intended course of 
the road on either side of it, and, if it is found 
necessary, forming cross drains between them 
having a Êdl each way. The ground having been 
thus drained, a covering of turf or of brushwood, 
the latter not less than 6 inches in thickness when 
compressed, should be laid over the surface of the 
soft ground, and upon this should be spread a 
covering of 3 or 4 inches of clean gravei, the upper 
surface of which should be levei. The foundation 
of the road should now be formed, by laying a Idnd 
of rough pavement as shown in the section figure 
48, consisting of rough stones of any kind of stone 
that can be most readily procured, laid carefully 
by hand with their broadest faces on the ground ; 
these stones should be not less than 7 inches in 

* The term macadamised roads should strictly be applied only to 
such roads as are formed entirely of broken stoDes without any rough 
pavement for their foundation; but of late years it has been found 
convenient to apply the term to ali roads composed of and repaired 
with broken stones. 
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depth in the center of the road, gradually diminish- 
ing to 3 inches in depth at the sides^ and the 
interstices between them should be carefully íilled 
with stone chippings, so that the upper surface 
when finished may form a regular curve with a 
convexity of about 4 inches. The material for 
forming the surface of the road should then be 
laid on, forming a uniform coat 6 inches in thick- 
ness. For the center portion of the road care 
should be taken to select a stone which is hard and 
not friable ; granito, whinstone, and the harder lime- 
stones are the best suited for this purpose; and 
they should be broken into angular fragments, the 
largest of which should be capable of being passed 
through a ring 2|- inches in diameter. For the 
sides of the road well-cleansed strong gravei may 
be used. A good binding of clean gravei perfectly 
íree from earth or clay, about 2 inches in depth, 
should be then laid over the entire surface of the 
road. It is better to put only 4 inches of the 
broken stone at first, and, after this has become Con- 
solidated by the traffic, then to lay on the remain- 
ing 2 inches, care being taken, however, to fiU up 
any ruts which may have been formed. 

Ás much care and attention are required for the 
economical repair of roads as for their first con- 
struction. Particular care should be taken that the 
side ditches and drains are kept clear and free from 
any obstruction; ruts, hoUows, and inequalities in 
the road should be filled up the moment they 
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appear, the best time for doing which is after wet 
weather, when they are not only more readily seen, 
but, the road being then soft, the new material works 
in without being crushed or ground to powder, for 
which reason the proper time for the general repair 
of roads is about Ápril and October. Nothing 
tends more to the preservation of a road than keep- 
ing its surface clean and free from mud, which 
should be continually scraped off and never allowed 
to accumulate. 

In constnicting paved roads, the same care 
should be taken to secure a good foundation as in 
forming macadamised roads. The most perfect 
foundation for pavement is a bed of concrete, the 
thickness of which must depend upon the nature of 
the ground beneath it, but should in no case be less 
than 6 inches, and its upper surface should be 
formed with a regular convexity similar to that 
intended to be given to the road. Two different 
kinds of materiais are used for paving roads, viz., 
stone and wood; of the former, the stone most 
generally employed is granite, and the best descrip- 
tion of pavement consists of narrow stones not 
more than 4 inches in thickness and about 9 
inches in depth placed edgewise. The stones 
should be beaten into their places by a heavy 
wooden beetle and grouted with a thin lime grout- 
ing, after which a covering of fine clean gravei, 
about 1^ inches in thickness, should be evenly 
spread over its sur&ce. Wooden pavement has 
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This is a subject not only of interest to the en- 
gineer, but aiso to the public generally, and it 
would be verj desirable that the results of the ex- 
perience wbich has been gained during the eight 
years subsequent to the time when Mr. Vignoles 
made his comparíson shoald be collected and com- 
pared, and that the inquiry should not only include 
the cost, but also the average speed and number of 
accidents that have occurred. 

Although the determination of the curres and 
gradients in any particular case must, in a great 
measure> depend upon the peculiar circumstances 
attending it, there are, nevertheless, certaiu general 
rules which should always, if possible, be attended 
to. Those relating to curves are, that sharp curves, 
where unavoidable, should be brought as near as 
possible to stations or other stopping places, and on 
no account on steep inclines, in order that the trains 
might not traverse the curve with any considerable 
velocity, sihce the tendency to leave the rails in- 
creases as the square of the speed of the train ; and 
curves should if possible be made on those portions 
of the Une which are either on the surface or em- 
banked, and not in deep cutting, where the curv- 
ing of the line would prevent a clear view of the line 
for any distance being obtained. With regard to 
gradients, where practicable, they should rise each 
way towards a station or other stopping place, so 
that the gravity of the train may assist in lessening 
its speed when approaching the station, and in 
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attaining speed in depaxting irom it. In long in- 
clines it is desirable to form occasionally short 
benches or levei portions, which, while they check 
the speed of a descending train, materially assist 
ihose ascending. 

Of Forming the Cuttings and Embankments re- 

quired for Railways. 

In forming the cuttings and embankments for 
railwajs, it is desirable, as far as expense is con- 
cemed, that the slopes of their sides should be 
formed as steep as the strata of which they are 
composed will allow. No general rule can be given 
for the slope at which the sides of either cuttings or 
embankments will stand, even when the description 
of the soil is given, because there are such a variety 
of other circumstances by which they are afiected. 
Under favourable circumstances, however, in cut- 
tings, most kinds of stone will stand vertically, chalk 
about ^ to 1 ^, sand and gravei about 1^ to 1, and 
clay about 2 to 1. 

The cuttings on the London and Birmingham 
Railway have afibrded much useful information. 
One of the cuttings on that line, near Cow Roost, 
through a very wet white chalk, although only 
25 feet in depth, required a slope of l^ to 1, while 

* These numben ezpress the ratio of the base of the slope to its 
vertical height; thus, in a cutting20 ft in depth, and with slopes of IJ 
to 1, the cutting would be 90 ít. wider on each side at the top than at 
the bottom. 
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that at the north end of the Watford Tunnel, altboi^h 
coonstíng of soft wet cbalk mized with flints, stands 
wíth a slope of £ to 1 ; as does also tbe cotting, 
3d feet ia depth, tbrough chalk, chalk-marl, and 
gravei, at the oonh end of the TrÍDg Timnel. One 
of ibe most interesting, howerer, of the cuttings on 
this line, íb that near Blisworth, a section of whicb is 
shown ÍQ fig. 50*. Id tbis case, a stratum of límestone 

F^ 50'. 




rock, about 35 feet in thickneBB, waB fouDd about the 
center of the cutting (vertâcally), having looser strata 
both above and below it, and the difficulty to be oyer- 
come was to prevent the latter, consistiDg of wet 
clay, from being forced out by the weight of the 
mpeiincambeot maas of rock; and this vas very 
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successíully done in the following manner : a rubble 
wall, on an average 20 feet in height, was built 
on each side, undemeath the rock in the manner 
shown in the figare, strengthened by buttresses at 
every 20 feet, resting on inverta carried nnder the 
line Behini these wall. a puddle drain was fomed 
with a smaller drain throiigh the wall, by means of 
which the water was led off from the wet strata im- 
mediately beneath the rock. The right-hand half of 
the section is taken tlirough the wall, between two 
of the buttresses, and the left-hand half, through one 
of the buttresses and the invert ; the method here 
adopted is technically called wndenetting. The 
rock itself is cut to a slope of | to 1, and the strata 
above it to a slope of 2 to 1, a bench 9 feet in width 
being left on the upper surface of the rock. 

The Newcastle and Carlisle Railway afibrds an 
example of a cutting 110 feet in depth, through clay 
intermixed with veins of sand, standing with a slope 
of 1^ to 1. This cutting is through the Cowran 
Hill, and the lower part, to the height of 14 feet, 
is supported by a stone retaining wall, having an 
open drain along its summit, which receives the 
water írom the surface of the slope. 

A remarkable instance of the tendency of some 
kinds of ground to slip has been afforded by the 
cutting (nearly 100 feet in depth) through the London 
clay on the London and Croydon Railway, near 
New Cross. The slopes were íinished at 2 to 1, and 
stood, with a few small slips, at tbat inclination for 
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about two years, when, after a succession of wet 
weather, they suddenly commenced slipping to such 
an extent that the Une was rendered impassable for 
some weeks, and some parts of the slopes had to be 
reduced to an inclination of 4 to 1. ^ 

Many different methods have been suggested and 
adopted to prevent slips from taking place. But 
one of the simplest means is thorough drainage, 
without which the best description of ground wiU 
in time be acted upon by the combined action of 
land springs and the weather. 

With regard to embankments, although less un- 
certainty exists with regard to the slopes at which 
different descriptions of ground will stand, still this 
depends in a very great degree upon the nature of 
the ground supporting the base of the embankment, 
as well as the state of the weather, and the care and 
attention bestowed upon it during its formation. 

Many embankments have failed in consequence 
of the ground upon which they have been formed 
not being sufficiently firm and solid to support the 
large additional weight thus brought upon it; to 
prevent this cause of failure, it is desirable to form 
very high embankments, of the lightest materiais 
that can be obtained, to extend the base of the em- 
bankment, and, if the ground upon which it is to be * 
formed is soft and saturated with water, thoroughly 
to drain it previous to forming the embankment. 
A remarkable instance of the failure of an embank- 
ment írom this cause was afforded in the case of the 
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Newton Green embãnkment, on the Sheffield and 
Manchester Railway, which subsided to such an 
extent that the base of the embankment spread out 
two or three times its original width, and it was 
found necessary at last to carry the rails across those 
parts which had slipped, upon timber shores. 

A striking instance of the success of the means 
which we have enumerated for carrying embank- 
ments over loose ground has been afforded by the 
construction of the Liverpool and Manchester Rail- 
way across Chat Moss, by the late Mr. George 
Stephenson. In this case the ground was of so soft 
a nature that cattle could not walk upon it, and an 
iron bar sunk through it by its own weight, the moss 
being in many parts not less than 34 feet in depth. 
That portion of the moss upon which the embank- 
ment (in some parts as much as 12 feet in height) 
was formed was first thoroughly drained by deep 
drains cut parallel to the intended line of the rail- 
way ; and, when this had been properly effected, the 
embankments were then formed of the lightest ma- 
terial which could possibly have been employed, 
namely, of the dried moss itself. Had the usual 
heavy materiais, such as clay and gravei, been em- 
ployed, their weight would have caused them to 
sink through the moss until they reached the firm 
ground beneath, and the quantity which would have 
been required would have been immense; as was 
found to be the case upon the same line, where, 
an embankment only 4 feet in height having been 



24 " RUDIMENTS OF 

formed over a smaller moss of a similar description, 
the quantity of clay and gravei employed would have 
formed aa embankment 24 feet in height, on firm 
ground. 

The slopes of both cuttings and embankmentSy as 
soon as they have been trimmed to their proper form, 
should be covered with soil, and sown with rje-grass 
and cloyer seeds mixed, which soon spring up, and 
form a very effectual protection from the iníluence 
. of the weather. 

Of the different kinds of Jtailway. 

Bailwajs may be divided generally into Loco- 
motive, Rope, as the London and Blackwall fiailway, 
and Atmospheric, as the Kingston and Dalkey, or the 
South Devon Railways. Each of these might, how- 
ever, be fiirther divided into several varieties. 

These different kinds of railways prinjcipally differ 
in the means employed for imparting motion to the 
trains; in the first^ the train is drawn by a steam 
engine of peculiar construction, termed a locomotive 
engíne. Fig. 50 represents a longitudinal section 
of the Iron Duke locomotive engine, employed 
on the Great Western Railway ; and figures 51 and 
52, two transverso sections of the same ; the formar 
taken throughjthe fire-box, and the latter through the 
cylinders and chimney. The boiler a is of a cylin- 
drical form, terminating in a square vessel b, having 
a semi-cylindrical shaped summit; in this latter is 
placed the fíre-box c, the two being securely riverted 
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together by their lower edges, and a space of about 
6 inches being left between their sides, which space 
is filled with water; a kind of âat tube D, termed the 
bridge (also containing water) , runs through the 
center of the fire-box and connects the two side 
spaces. The grate is formed by a number of wedge- 
shaped bars of iron, e e, termed the íire-bars, which 
are placed with their broad sides uppermost and 
their ends resting on an iron írame. The ash-pan 
Wy below the grate, is formed of iron plates, in- 
closing both the sides and back ; the iront is, how- 
ever, left open, as shown in fig. 50; and, when the 
engine is mo\dng forwards with a high speed, the air 
is driven into the mouth of the ash-pan with con- 
siderable force, and having no other means of escape 
passes up between the fire-bars and through the fire, 
causing a strong draught. A door is formed at f, 
through which the materiais for the support of com- 
bustion are introduced, and by means of which the 
engine driver can írom time to time examine the state 
of the fire. The smoke and heated air are led away 
to the chimney through a number of small brass tubes, 
c, c, Cj which pass through the center of the cy- 
lindrical part of the boiler, being surrounded on ali 
sides by the water contained in the same, and to 
which they expose a very large heating surface. 
These tubes lead into a chamber o, the upper part 
of which terminates in the chimney h. The boiler 
is formed of wrought-irpA plates riveted together, 
and its internai surface being exposed to a consider* 
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ablé pressure, amounting to from 60 to 100 Ibs. on 
every square inch, it is necessary to adopt means for 
preyenting these plates from being bent, or other- 
wise injured. The cylindrical portion a, from its 
form, is exposed to a uniform strain on every part, 
which the cohesive strength of the iron alone is 
sufficient tò resist; the sides of the square portion B, 
however, and the fire-box c, béing âat, would be 
forced apart by the pressure of the water between 
them, were it not prevented by short stays dy dy d^ 
securely riveted to both' plates ; and the top of the 
fire-box, which would otherwise be forced in, is 
strengthéned by being bolted to a number of small 
bridges or girders e^ e^ e, The flat ends of the 
boiler are secured by the fire tubes c^ c, c, and also 
by bolts n'j n\ which pass through the boiler, and are 
firmly bolted at each end. To convey some idea of 
the amount of the pressure against the internai surface 
of the boiler of a locómotive engine, it is sufficient 
to State that, with the proportions shown in the 
figures, and supposing the force of the steam to be 
100 Ibs. onthe sqiiare inch, the whole amount of this 
pressure would be about 3215 tons, without reckon- 
ing that upon the tubes c, c. 

In a locómotive engine it is desirable to have as 
large a space above the surface of the water for steam 
as possible, for which purpose, thát part of the boiler 
which is above the fire-box is raised, forming the 
^team chamber B, as shown in fig. 50; because, when 
the steam space is too small, the steam passes into 
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the cylinders of the engine immedíately as it is 
generated in the boiler, in which state it is mixed 
with a large quantitj of water in a very fine state of 
mechanical division, which gradually accumulating 
in the cylinders impedes the working of the engine, 
and might cause a fracture of some part of the ma- 
chinery. This effect, which is termed primingy is 
avoided in a degree by making the steam chamber 
as capacious as possible, by which means time is 
afforded for the separation of the water from the 
steam, and it is still further guarded against by the 
mode in which the communication is made between 
the boiler and the engine. The steam-pipe i, by 
which the steam is conveyed away from the boiler, 
traverses the whole length of the upper part of the 
boiler, and the steam is admitted through a great 
number of small boles in its upper side, by which it 
is strained, as it were, and separated firom uny water 
which might have been mixed with it ; and the same 
object is still further effected by two plates of iron 
fi /> fig- ^1> fixed to the upper part of the boiler, 
and reaching down in a sloping direction nearly to 
the surface of the water, leaving bnly a narrow space 
between their lower edges and the steam-pipe; so 
that the water which may be mingled with the steam 
when it is first formed strikes against the plates /,/, 
and falis back again into the boiler. Ás the water 
in the boiler should always be kept at such a height 
as to cover the top of the fire-box c, a small tube j, 
fig. 50, is placed yertically at the end. of the boiler, 

c 2 
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being connected with it at each extremity bj a 
8hort*pipe; in this tube there are three cocks m, n, a, 
placed one above the other, the heigbts of which are 
80 arranged, that wben tbe water in the boiler is at 
its usual levei the cock m shall be in the steam, and 
the two lower ones, n and o, in the water, so that the 
engine driver, by simply tuming the cocks in suc- 
cession, and observing whether steam or water issues 
írom them, will know the exact levei of water in the 
boiler; for if steam issues from ali the cocks he 
knows that there is not sufficient water, but if 
water issues from ali of them, he knows that there 
is too much. Ás much danger might result if 
the pressure of the steam in the boiler were to 
become much greater than that at which it was 
intended to be worked, two safety valves, as they 
are termed, are provided, which are so contrived 
that whenever the pressure inside the boiler becomes 
greater than it ought to be, the valves open and 
allow the discharge of the steam. One of these 
valves is placed at k on the steam chamber, and 
indicates, for the information of the engine driver, 
the pressure in the boiler at any time by a graduated 
scale. The other valve is usually placed on the 
middle of the top of the boiler, and is protected by 
a cover from being interfered with or altered even 
by the engine drivers themselves, who from habit be- 
come frequently so accustomed to danger, that, 
reckless of the consequences to themselves, they 
would not hesitate to risk their life by fastening 



CIVIL ENGINEEBING. 29 

down the valve in order to obtain a greater speed 
with tbeir engine. From the rapid motion of the 
engine, its externai surface is constantly exposed to 
a íresh body of cold air, and in order to prevent the 
cooling inâuence which this would have upon the 
steam and water, the whole of its externai surface is 
cased with wood, a layer of dry felt being laid be- 
tween the wood and the boiler. 

The steam having been generated in the boiler, 
is led away by the pipe i, to the cylinders m, m, 
where it is caused by the valves N, n, to act alter- 
nately on the top and bottom of the piston o, which 
fits the cylinder so tightly that no steam can pass 
between them, and by pressing upoB it causes it to 
move backwards and forwards írom one end of the 
cylinder to the other, carrying with it the piston rod 
p, which latter being attached to a crank q, by 
means of the connecting rod R, causes it to revolve 
in the direction shown by the arrow. The ordinary 
manner in which the steam is admitted altemately to 
each end of the cylinder is shown in fig. 53. The 
steam pipe i, after leaving the boiler, divides into 
two branches, each of which leads into a chamber 
iy communicating with each end of the cylinder by 
the passages j and k^ and also by means of the 
passage l, with a pipe x (figures 50 and 52) by 
which the steam, after being used in the cylinder, 
is led away to the chimney. A valve Uy some- 
what of the form of the letter Q , is so arranged 
that, while it forms a connecting passage between 
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the passage l and one of the passages J or k, the 
other one is left open. If we now suppose the 




ralre to be in the position shown in figure fiS, the 
steam from the chamber t would éster tbe c;Under 
b; the passage j, and presBing upon the upper side 
of the piston o, would cause it to move towards the 
hottom of the cyhnder, while the valve n, being con- 
nected with the machmeiy, would have moved in 
the oppoBite direction, and when the piston had 
reached the bottom of the cjlinder, it would then 
be in such a position as to close both the passages 
j and k , as tbe machinery would, howerer, continue 
ite motion from the momeatum which it had ac- 
quired, it would cause the piston to be^n to move 
back again towards the top of the cylinder, and also 
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move the valve n until it had been broaght into the 
position shown by the dotted Unes in the figure, 
when the passage k being in communication with «, 
the steam would enter the cylinder, and now press- 
ing on the underside of the piston, would cause it to 
continue its motion; while the steam which had 
previously occupied the upper part of the cylinder 
would escape by the passages j and / into the pipe 
X, from which, being expelled with some violence 
into the chimney, a powerful and continuous draught 
would be produced through the fire. The cylinders 
being inclosed in the chamber g are always sur- 
rounded with heated air, by which means ány con* 
densation of steam in them is prevented. 

The form of valve n, which we have just de- 
scribed, is open to the objection that thè steam 
pressing with considerable force on its upper sur- 
face, causes great friction, from which results the 
double disadvantage of rapid wear of the face of the 
valve, and the requirement of a considerable force 
to move the valve. In the ' Iron Duke' these ob- 
jections are removed by connecting each valve with 
a piston Çy fig. 52, fitting exactly the steam-tight 
cylinder r, situated within the chamber t, into w;hich 
the steam is conveyed in the manner already de- 
scribed from the boiler by the pipe i, which does 
not, however, divide into two branches in this case, as 
one steam chamber, e, is made to serve for both cy* 
linders. Now the chamber i being always filled 
with steam, and the steam being prevented from 
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entenag into the space shown between the pistons 
Çy Çy their OQter saríaces will be subjected to the 
same pressure as the valve n, and these two pres- 
sures being in opposite directions will neutralize each 
other, and relieve the face of the valves from the ex- 
cessive pressure to which by the ordinary arrange- 
ment thej are subjected. The raives n, n, are 
opened and closed at the proper intervals by means 
of eccentrics t^ ty in the usual manner*. 

It has been mentioned above, that a powerful 
draught is caused throngh the íumace and fire tubes 
Cy Cy by the peculiar form of the ash-pan w, by 
which the air is forced or blown through the fire; 
and also by allowing the waste steam firom the 
cylinder to escape into the chimney h, by means 
of the pipe x, the effect of which is to produce a 
partial vacuum in the upper part of the chimney, in 
consequence of the air being thus forcibly driven 
out of it by the almost constant blast from the pipe 
X. This vacuum causes the externai air to rush in 
through the grate and fire with a very high velocity, 
and produces a rapid combustion and intenso heat. 
It is, however, sometimes desirable to lessen the 
draught, and this is efiected by a peculiar con- 
trivance, which consists of a kind of iron Venetian 
blind placed in the smoke-box 6, immediately in 
front of the fire tubes Cy Cy as shown at y, y, in 
figs. 50 and 52. It is composed of a number of 
narrow plates of iron, connected to a firame of iron 

* See Rudimentary Treatise on the Steam Engine, page 45. 
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by hinges, in such a manner that, by raising the 
frame by means of a lever worked by a handle out- 
side the smoke-box, the plates are ali set edgeways, 
so as to offer scarcely any obstacle to the free 
passage of air out of the tubes Cy c ; but when it is 
desired to damp the fire, by simply depressing this 
frame the plates are caused to close upon each 
other, similar to a Yenetian blind, when the laths 
are placed so as to exclude as much light as 
possible. 

The boiler and machinery are firmly connected, 
by means of iron brackets, with a strong rectangular 
framing of timber and iron s s, which is supported 
through the intervention of the springs t t by 8 
wheels, one pair of which, u u, is firmly fixed upon the 
axle having the cranks Q Q, and are therefore caused 
to revolve with them when the engine is set in motion. 
By the friction of the wheels u u upon the rails 
when they are made to revolve, the engine is caused 
to move forward, drawing with it any carriages, &c., 
to which it may be attached. The engine is always 
foUowed by a carriage called the tender, which con- 
tains coke and water, for the supply of the ííimace 
and boiler : the water is pumped into the latter of 
these by two small force pumps v v. 

We next proceed to describe the method of 
traction employed upon the London and Blackwall 
Railway, where the carriages are drawn by a rope 
moved backwards and forwards along the line by 
stationary engines at each end. Fig. 54 is a gene- 
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ral section of this 
line, showing the 
position of the se- 
veral intermediate 
stations, of which 
there are no fewer 
than seven; four of 
these, namelj, the 
Minories, Cannon 
Street Road, Shad- 
well and Stepnej, 
commanicate with 
the Blackwall Ter- 
minus ; and five, 
namely, Shadwell, 
Stepney, Limehouse, 
Poplar, and the West 
índia Docks, with 
the London Ter- 
minus. 

At each end of the 
line, a pair of power- 
íiil marine engines is 
erected, to which the 
drumsforwindingup 
the rope are con- 
nected by ínction 
clutches. These 

drums are of cast 
iron^ each 23 feet in 



Fíg. M. fig, fiS. 
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diameter, and their circumference revolves, on the 
average, at the rate of 26 miles per hour. The rope 
is õ| inches in circumference, and, being upwards of 
6 miles in length, weighs about 40 tons; it is suffi- 
cíently long to reach from one end of the Une to 
the other when somewhat more than half the rope is 
wound upon one of the drums. It is sapported 
along the line by cast-iron wheels, termed sheeveSy 
8 feet in diameter, and 7^ inches in width, which 
not only prevent the rope íírom trailing upon the 
ground, but also guide it round the curved portions 
of the line. The carriages are connected to the 
rope in such a manner that they can be instantly 
released without stopping the motion of the rope, 
and again connected if required. 

In order to understand the system of working the 
line, we must refer to the sections, figures 54 and 
55, the former of which represents the position of 
the carriages upon the line, ready for a down jour- 
ney. It will be seen that there are six carriages at 
the Fenchurch Street terminus, of which No. 1 is to 
be left at the Shadwell station. No. 2 at Stepney, 
No. 3 at Limehouse, No. 4 at Poplar, No. 5 at the 
West índia Docks, and No. 6 at Blackwall. The 
carriages numbered 7, 8, 9, and 10, standing at the 
Minories, Cannon Street, Shadwell, and Stepney, 
are to convey the traffic firom those several stations 
to Blackwall. If we now suppose half the rope to 
be wound round the drum at the London end, and 
the other half extending along the line and attached 
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to the dram at the Blackwall terminus, and each of 
the carriages separately connected with the rope, 
upon a signal being sent by means of the Electric 
telegraph from each station to Blackwall that ali is 
ready, the engine there will be started and the rope 
will be wound upon the drum at that end with a 
velocity of about 26 miles an hour, ali the carriages 
attached to it being drawn along at the same speed. 
Now the carriage No. 10, from Stepney, will be the 
íirst to arrive at Blackwall, and as soon as it ap- 
proaches within a short distance of the terminas it 
is released from the rope and runs by its own mo- 
mentum into the station, being properly brought to 
rest by the breaksman, one of whom is attached to 
each carriage. The next in order of arrival is No. 
9 from Shadwell, then No. 8 from Cannon Street, 
then No. 7 from the Minories, and, lastly, No. 6 
from Fenchurch Street, each of which, as they ap- 
proach the Blackwall terminus, is released from 
the rope and runs separately into the station. Of 
the six carriages which leave Fenchurch Street, only 
one reaches Blackwall, they ali proceed together 
until they nearly approach the Shadwell station, 
when the hindmost carriage No. 1 is released from 
the rope, and by means of its breaks brought to rest 
at the station, while the remaining five carriages 
proceed on their joumey with undiminished speed; 
and in a similar manner one of the other four car* 
riages is successively left at the Stepney, Lime- 
house, Poplar, and West índia Dock stations as the 
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train passes, only the first carriage ultimately reach- 
ing Blackwall. As soon as the last carriage has 
been released from the rope, the engine at Blackwall 
is stopped and the rope brought to a state of rest. 

Figure 55 represents the position of the several 
carriages on the line upon the conclusion of the 
down joumey which we have just described. The 
carriages having been again connected with the rope, 
and the signal given that ali is ready, the engines at 
the London end are set to work, and the rope being 
drawn back again to its former position, each of the 
carriages is again brought back to the station from 
which it originally started, when they again assume 
the positions shown in íig. 54, and are ready to start 
for another down journey. 

It will easily be understood, that considerable 
power must be expended in drawing the rope, which 
we have already stated weighs about 40 tons, at so 
high a speed, backwards and forwards each journey. 
In order to obviate this objection, a very ingenious 
modiíication of the rope railway has been suggested 
by Mr. Elijah Galloway, the principie of which is 
exempliíied in fig. 66, Let i be one of the axles of 
the foremost carriage, having two grooved wheels, of 
diíTerent diameters ; one a, say 4 feet, and the other 
by say 3 feet 6 inches in diameter, and both firmly 
íixed on to the axle i. Then, let us suppose two 
separate ropes, both extending the whole length of 
the line, one, cde^ passing round the wheel a, and 
the otheTy fg A, round the wheel b. Now it is evident. 
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if the end c oí the first rope be held fast, and 
a moving force be applied to the end h of the 




otfaer lope, drawing it in the direction g h, that 
the axle i will be caused to revolve, and that the 
carriage to which it is attached will be drawn along 
witli a velocit; as much greater than that of the 
rope y^ k, as the dístance i d ezceeds the distance 
d ff, oT with eight tinies tbe speed of the rope. For 
if ve consider the spoke id sls a. lever tuming on 
the poínt d OB a fiílcrum, and the rope /gh as 
attached to it at the point g, then it is evident, 
if the distance di is eight times d ff, that for every 
inch that the rope /ff k is drawn, the axle i will be 
made to move in the same direction S inches. 

If, therefore, statíonary engines were fixe d at 
certiún intervals along the line, and the rope /j/ A 
being wound up by them were made to move with a 
veloci^ of say 5 miles per hour, the train to which 
it was connected, in the manner which we have just 
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described, would be carried along at the rate of 
40 miles per hour; and the power expended in 
movÍDg the rope would be less than an eighth of 
that which would have been lost in working upon 
the ordinary system. 

The 1 Jki'd of ,.iW .Mch ,. h.™ U, d.- 
scribe is the atmospherícy which is so called in 
consequence of the motive power being derived from 
the pressure of the atmosphere. It has been ex- 
plained at page 14 of Rudimentary Pneumatics, that 
the air which surrounds us not only has a con- 
siderable weight, but that, owing to a peculiar 
property belonging to ali elastic fluids, the pres- 
sure resulting from the weight of the superín- 
cumbent air not only acts downwards, but in 
every other direction, either to the right, to the 
left, or even upwards. On the atmospheric railway 
this property of the air is made available for the 
purposes of locomotion, in the foUowing manner : — 
an iron tube about 18 inches in diameter (the size, 
however, depending on the amount and description 
of the traffic,) is laid along the center of the railway, 
between the two rails, extending the whole length of 
the line. In this tube a piston is inserted, which 
íits the sides of the same with sufficient accuracy to 
prevent the escape of any air between them ; now, if 
we suppose this piston to be at qne end of the tube, 
the other end being closed, in the ordinary state of 
things, although the weight of the externai atmosphere 
amounting to 14*7ôlbs. on the square inch, or 
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3753 Ibs. over its whole área, would be borne hy the 
outer side of the piston, a similar and equal pressure 
is produced against its inner surface hy the effbrt of 
the air iuclosed within the tube to escape, and whicfa, 
having been, previous to the closing of the tube, 
exposed to the weight of the externai atmosphere, 
had been compressed until its elastic force had be- 
come sufficient to sustain the same, and from which, 
being now relieved hy the intervention of the tube, 
it exerts a force in its efforts to escape exactlj 
equal to the weight of the externai air. If, however, 
we by some means withdraw a portion of the air 
from within the tube, its elastic force will be reduced, 
and the pressures on the two sides of the piston will 
no longer be equal; and when the difierence of those 
pressures has become sufficient to overcome the 
friction of the piston, it will begin to move towards 
the closed end of the tube, and will continue its 
motion throughout the entire length of the same, 
provided that the air is continually withdrawn from 
the tube, so as to keep up the requisite difference 
of pressure on the two surfaces of the piston ; and 
if, when the piston has thus arrived at the closed 
end of the tube, the order of things be reversed, and 
that end being now opened the other be closed, 
and from it the air be now withdrawn precisely in 
the same manner as was previously done at the 
other end; the piston, being pressed upon in an 
opposite direction, will commence moving back again 
through the tube, and will be brought back to the 
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position from which it first started. We haye, how* 
ever, yet to explain how the piston within the tube 
is so connected with the carriages npon the line of 
rails as to impart its motion to them, and cause 
them to trayerse with it the line, alternately from 
one end to the other; and it is in the yarjing 
method of effecting this, that the principal differences 
exist between the severa! atmospheric systems that 
have from time to time been patented. That, how* 
ever, which we are about to describe, was originally 
patented by Messrs. Clegg and Samuda, and is the 
only one which has as yet been adopted in practice. 
In plate 1, fíg. 1, is an elevation of a carriage on the 
railway, a portion of the tube being put in section 
for the purpose of showing the piston within it; and 
figs. 2 and 3, in plate 2, are transverso sections of the 
tube on an enlarged scale. a á is the tube of cast 
iron securely fixed to the same sleepers as those 
which carry the rails; b is the piston, to which is 
attached the long bar s, having a weight at its other 
end, T, to balance the weight of the piston, and being 
attached to the first carriage by a flat bar or plate of 
wrought iron c, termed the coulter, and which passes 
through an opening in the upper part of the tube, as 
shown in fig. 3. This opening or slit extends 
throughout the whole length of the tube, and is 
covered by a valve of leather g, shown on a larger 
scale in figs. 3 and 4, strengthened by plates of iron 
riveted on its upper and lower sides; this valve of 
leather being securely bolted to the tube, along only 
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one edge, the other may be raised or lowered at plea- 
sure, tuming aboat the fixed edge after the manner of 
a hinge. The iron plate on the upper side of this 
valve is somewhat wider than the opening in the tube, 
for the purpose of preventing its being forced into 
the tube by the pressure of the air, and the lower 
plate is made exactlj to fit the same, so as to form 
an entire circle and prevent any escape of air round 
the piston. The sides of the openiog in the tube 
upon which the leather bears, are planed perfectly 
flat, and still further to ensure the closing of the 
valve being air-tight, a composition composed of 
bees*-wax and tallow is run in at f, fig. 2, between 
the valve and the tube; this composition^ although 
solid at the ordinary temperature of the atmosphere 
is readily melted by a slight additional heat, and 
then, attaching itself both to the leather and the 
metal, forms, as it were, a hermetical sealing to the 
joint, and renders it almost entirely impervious to 
the air. This valve is protected from externai in- 
jury and from the weather by thin plates of iron i, 
about 5 feet in length/and attached to the tube by 
a leather hinge. In its ordinary state, when no 
train is passing, this valve is closed, as shown in 
fig. 2 ; but in order that the coulter c may readily 
pass along the opening in the tube, four wheels, 
H H H, are attached to the bar s within the tube, 
which raise or open the valve, as seen in figs. 1 and 
3, leaving sufficient space for the coulter to pass 
without touching either the side of the opening or 
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the raive. After the coulter has passed the valve 
is again pressed down into its place by a wheel R, 
íig. 2j attached to the back part of the first carriage, 
and is immediately followed by a heater n, fig. 2, 
which melts the composition f, and again her- 
metically doses the joint which had been moment- 
arily broken for the passage of the coulter c. 
Hitherto, in practice, the exhaustion of the air írom 
the tube has been effected by air pumps, worked by 
stationary engines placed at intervals of from 3 to 5 
miles apart, although other means are available and 
have been suggested for the purposes, such as pro- 
ducing the exhaustion by the condensation of steam, 
or by filling a vessel with water and allowing it to 
escape by a descending pipe upwards of 32 feet in 
height. 

We have previously stated that the total pressure 
of the air resulting írom its weight is on the average 
ábout 14*751bs. on the square inch; this is, however, 
upon the supposition that a perfect yacuum is ob- 
tained in the tube, or that the whole of the air has 
been extracted from the same; this, however^it would 
not only be impossible to perform, but inexpedient 
to attempt, because the power required to extract a 
given weight of air increases as the quantity in the 
tube is diminished, ãnd that in such a ratio, that to 
produce twice the degree of rarefaction would re- 
quire the exertion of four times the power, added to 
which, any air which by leakage might find its way 
into the tube would expand and occupy a portion of 
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the tube directly proportional to the degree of rare- 
faction which bad been obtained ; for tbese reasons 
it bas been proposed only to employ balf a vacuum, 
tbat is, only to witbdraw balf tbe air from tbe tube, 
by wbicb a pressure of about 8 Ibs. on every square 
incb of tbe piston would be obtained; and, supposing 
its diameter to be 18 incbes, tbis would amount to 
2036 Ibs. oyer its whole surface, and would. be capable 
of drawing a train weighing about 55 tons on a levei 
Une at a speed of 30 miles per bour; or one of 
about 35 tons, at the same speed up an incline of 
1 in 100. 

A new atmospheric system has lately been pro- 
posed by Mr. J. B. Piatti, of Milan, and patented in 
this country by Messrs. Prosser and Carcano, in 
which it is proposed, instead of exhausting the air 
from the tube and employing the atmospheric pres- 
sure as the motive power, to force air into the tube, 
and propel the carriages by the elastic force of the 
air thus compressed behind the piston. In this 
system the longitudinal valve is proposed to be con- 
structed on a similar plan to tbat of Clegg and 
Samuda's, with some slight modifícations in conse- 
quence of its opening inwards instead of outwards. 

Having described each of the three means which 
have hitherto been employed for the purposes of 
traction on railways, we will proceed briefly to notice 
the several adrantages and disadvantages peculiar to 
each system. One of the principal advantages urged 
in favour of the atmospheric system by its sup- 
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porters, is that of saving the weigbt of the locomotive 
engine and its tender, amounting to from 15 to 30 
tons, or upon the average about 20 per cent. of 
the whole weight of the train ; and it is considered 
that the advantage would not be confíned to the 
mere saving of weight, but that, if the locomotive 
engine were dispensed with, the derangement of the 
rails, &c., from the passing traffic being in a great 
degree caused by the peculiar action of the loco- 
motive in dragging by the rails themselves would be 
considerably lessened. Steeper gradients might also 
be employed on Unes worked by the atmospheric or 
rope Systems than by the locomotive, since the 
latter are limited by the adhesion of the driving 
wheels to the rails, and on the former the motive 
power might readily be varied to suit the varying 
resistance occasioned by any alteration in the sra- 
dien« of ^ Kne. Th/. Jo^pheric «d rop. T- 
tems possess the further advantage of being much 
less liable to accidents from collision, and entirely 
íree from the possibility of the train or neighbouring 
property being set on fire, a casualty which has on 
one or two occasions occurred on locomotive lines. 
On the atmospheric, also, the chance of being thrown 
off the line is much lessened, in consequence of the 
leading caniage being attached to the pipe. The 
advantages possessed by the locomotive over the 
other systems are, that the person in charge of the 
train has more perfect control over the motive power, 
that the locomotives are very useful for moving the 
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carriages about at the stations, and that the traffic of 
the Une is not so likely to be interrupted on the 
locomotiye as on the otfaer lines^ since nothing but 
a derangement of the rails themselves could prodace 
a stoppage upon the former, while any casualty occur- 
ring to the machineiy or to the tuba in the latter 
system, would intemipt the traffic over that section of 
the line upon which the derangement had occurred. 

While the rope system possesses many of the 
advantages in common with the atmospheric over 
the locomotive, it has the disadvantage of the weight 
of the rope to be moved with the train, although this 
objection would be somewhat reduced by the adop- 
tion of Mr. Galloway's plan, in which the velocity of 
the rope would not be more than about an eighth of 
that of the train, and the whole length of the rope 
would be materially reduced. 

With regard to the expenso of working, it has 
been asserted that the cost would be much smaller 
with stationary than with locomotive en^nes, the 
repairs required by the former being small in com- 
parison with those of the latter, while the number of 
engine drivers would be fewer, and the fuel con- 
sumed cheaper and less in quantity; at the same 
time, in many situatiohs auxiliary power might occa- 
sionally be obtained írom natural sources, such as 
the wind, or streams of water. 
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Of Forming the Roadway or Permanent Way. 

We come now to describe the maimer in which 
the Permanent Way (as it is technically called) is 
formed ; that is, the rails by which the carriages are 
guided and prevented from deviating from the Une 
of the railwaj ; and in doing so we must not omit 
to notice the tramplates which were at first adopted, 
and which have now universally been superseded by 
the edge raiL 

The essential difference between a railway and a 
common road consists in forming a smooth narrow 
surface for the wheels of the vehicles to run upon, 
with the means of preventing them from deviating 
from the track thus formed. pig, 57. Fig, 58. 
Two different modes of 
effecting thís have been 
adopted, which are shown 
in figures 57 and 58. By 
the first method (figure 57), 
the path for the wheels is 
formed by iron plates, and 
they are prevented from 
running off these plates by 
a flange a, formed on their outer edge, these are 
termed tramplates^ and a road so formed is 
called a tramway ; this method has, however, 
been generally superseded by that shown in figure 
58, where the track for the wheels is formed by a 
narrow bar of iron, placed edgewise, in consequence 
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of which it is termed the edge rail^ and tfae road 
formed with tfaem a railway ; in this case the âange 
h for guiding the wheel is placed apon the wheel 
itself instead of on the rail. In comparing the two 
methods, it will soon be seen that the railwaj pos- 
sesses many adirantages orer the tramway. In the 
latter, the wheels are only prevented from running 
oíF the tramplates by coming into contact with one 
or other of the flanges on their edges, while in the 
former a very simple and beautiful means (which we 
shall describe presently) has been devised by which 
the wheels are preserved in their proper position on 
the rails without their flanges coming in contact 
with the rails at ali; a circumstance which only 
occurs when any unusual force solicits the carriage 
to deviate from its proper course. The effect of 
the wheels thus coming into contact with the edges 
of the trams is to canse a great additional resistance 
to the motion of the caniages, and consequently a 
large additional cost in overcoming it. Ánother 
disadvantage is, that the angle of the tramplate 
formed by the raised flange is very likely to become 
fiUed with rubbish, by which the friction of the 
wheels is still further increased. 

Á great many different forms of rails haye been 
adopted, a few of which are shown in figure 59 ; the 
names of the railways on which they have been em- 
ployed, their weight in pounds for every yard in 
length, and the distances apart at which they are 
supported, being shown in the following table. 



CIVIL ENGINEERING. 



49 



§^ 

Ss 

a 
b 
c 
d 
e 

f 

9 
h 

• 

% 

k 

l 

m 
n 


Name of RaUway. 


Distance of 

chairs apart. 

ft. ins. 


Welffht in Ibn. 

of 1 yard in 

lengtn of the 

raU. 


Durham and Sunderland . . 
Berlin and Potsdam .... 
London and Blackwall . . . 
Manchester and Birmingham . 
Saint-Etienne to Lyon (New). 
Wilmington and Susquehanna . 

Great Western 

London and Croydon . . . 
Morris and Prevost .... 
Birmingham and Gloucester . 

London and Birmingham . . 

London and Brighton . . • 
Midland Counties 


d 

• * • 
... 

d 6 

... 

S Continuous \ 
\ Bearíng. f 

Id. 

... 

2 6 

{ to4 í 

3 9 
5 


42 
52 
56 
65 
50 
40 

44 to 62 

55 
56 
56 

65 to 75 

76 

77 



It will be observed that the upper surface of each 
of the rails shown in the figure is made slightly 





rounding, the object of which we have now to ex- 
plain. On a common road or on a tramway the 
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wheeis are cylindrical, that is, the diameter of the 
wheel is the same both on its inner and outer sides, 
as shown in figure 57 ; but upon a railway the rails 
are made slightly conicaly as shown in figure 60, so 
that the diameter (a b or c d) of the wheel on its 
outer side is about half an ineh less than its 
diameter (e f or g h) on its inner side near the 
flange. Now the efiect „. „ 

of this difference in the 
inner and outer diameter 
of the wheel is to keep 
the caxriage in its proper 
position in the center of 
the railway, and to pre- 
vent the flanges of the 
wheeis fi'om coming into 
contact with the rails un- 
less under extraordinary 
circumstances, such as a 
very strong side wind, or 
a sharp curve. In figure 
61, the wheeis of the car 
riage are represented as 

being thrown o ver on one side, so that the flange of 
the right-hand wheel has been brought nearly to touch 
the rail ; now if the wheeis were cylindrical, and the 
force which had caused the carriage to swerve in 
the manner shown in the figure were still to con- 
tinue in action, the flange would be brought into 
actual contact with the rail, aod WQuld so remain 
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until the force eeased, or imtil some greater force 
solieited the carriage to swerve in the opposite di- 
rection ; but if we carefuUy examine the diagram, 
we shall perceive that the deviatk>n of the carriage 
to the right has brought the oater and smaller 
diameter of the wheel a b to bear upon the left- 
faand rail, while the inner and larger diameter of the 
wheel G H is brought to bear upon Úie right-hand 
raíl, for in consequence of the upper sur£&ce of the 
rail being slightly rounding, the wheel only rests 
upon it in one point. With a displacement equal 
to that shown in the figure, the difference of the 
diameters of the wheels wonld be about three-quar- 
ters of an inch, which would cause a difference in 
their circumferences of upwards of two inches ; and 
as the distance that each wheel would adrance upon 
the rail in one revolution would be equal to its cir- 
cumference, and the two wheels being firmly fixed on 
to the same axle are obliged to revolve together, it 
foUows that, for erery revolution that they make, 
the right-hand wheel will advance two inches more 
than the left-hand, and quickly restore the carriage 
to the position shown in figure 60, where the 
diameters of the wheels being the same, the 
carriage has bo tendency to move towards either 
side. 

This self-adjusting action of the conieal wheels is 
found sufficient to preserve the carriages in their 
proper position upon the rails on those portions of 
lhe Une which are rectilinear or straight; but on 
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the cuTved portions a new force, the centrifugal force, 
is called into play, by which the caniage is soli- 
cited to move in a stndght line ; and if the radius of 
the curve is less than a certain limit, the mere action 
of the conical wheels is not sofficient to counteract 
this tendency of the carriages to move in a straight 
direction, and to cause them to foUow the course of 
the required curve. To effect ihis, iherefore, and 
prevent as much as possible contact between the 
flanges of the wheels and the rail, another means 
has been devised of throw- 
ing the carriages over to 
the opposite side to that 
on which the centrifugal 
force tends to keep them. 
This means consists in 
raising the rail on the outer 
side of the curve to a 
certain height above that 
on the inner side, by 
which the carriage is 
thrown over into the posi- 

tion shown in figure 62, and a tendency given to it 
to slide towards the inner side ; the height, or, as it 
is termed, the superelevation of the outer rail being 
80 adjusted that this tendency combined with the 
effect of the conical wheels is just sufficient to 
balance the centrifugal force. 

This raising of the outer rail is, however, only 
requisite when the radius of the curve is less than a 
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certain limit^ wbich limit may be foand by the 
following mie : — 

To asceiiiain the least radius which can be ^m- 
ployed tenthout raising the outer rail. — Divide tbe 
breadth of the tire of the wheel (a e, figure 60) by 
the difference of the diameters of the inner and 
outer sides of the tire (a b and £ f) ; multiply the 
quotient by the diameter of the wheel (a b) and by 
the distance between the two rails (f o), and divide 
the product by twice the space allowed on ecu:h side 
between the rails and the flanges of the wheels (ali 
the dimensiona being taken in feet); and the quo- 
tient will be the smallest radius in feet which may 
be used without raising the outer rail. 

For example, what would be the least radius 
which could be employed without raising the outer 
rail on a narrow-gauge line, the distance between 
the rails being 4'7 feet, the diameter of the wheels 
3 feet, the breadth of their tires *3 feet, the differ- 
ence of the two diameters *06 feet, and the play 
allowed upon each side between the flanges and the 
rails 025 feet ? 

Now '3, divided by '06, equals 5, which multiplied 
by 3 and by 4*7, equals 70*5, and this divided by 
twice '025 would be 1410 feet, the least radius re- 
quired. In the case of a broad-gauge line, if the 
rails are 7 feet apart, and the wheels 4 feet in 
diameter, the other dimensions remaining as before, 
then the least radius will be 2800 feet. 

When, however, the line curves with a less radius 
than that given by the rule, it becomes necessary to 
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ndse the outer rail to a certain extent, which de* 
pends upon the radius of the curve and the speed 
of the train, and may be determined by the foUow- 
ing mie :— 

To ascertain the height ihat the outer rail should 
be raiged. — Sabtract the radias of the curve írom 
the least radius found bj the preceding rule, and 
divide the remainder by the radius of the curve and 
by the least radius; multiply the quotient by the 
width between the rails, by the square of the velo- 
city of the train in miles per hour^ and by *782 ; and 
the product will be the height in inches that the 
outer rail should be raised. 

As an example of the application of the rule, the 
foUowing table has been computed, showing the 
heig^ts which the outer rail should be raised^ both 
on the broad and narrow gauges, for curves of dif- 
ferent radii, and with trains travelling at different 
speeds, the several dimensions being taken the same 
as in the foregoing example. 
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BROAD GAUGE. 



Velodty of the train in 
miles per hour. 



15 



Inches. 

1-43 
•80 
•49 
•31 
•18 

oe 

•03 



30 



Inches. 

5^7 1 

3-22 

1-97 

123 

•73 

•37 

•11 



60 



Inches. 



12*86 
7-88 
4-90 
2-92 
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•44 
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Velocity of the train in 
milét per hour. 



15 



Inches. 

1^92 

•67 

•25 

•04 



30 



Inches. 

7-67 

2^67 

1-00 

•16 
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From the above tules and examples it will be seen 
that the steâdiness of the earriages coteposing a train 
must be very considerably aflfected by any variation 
in the distance betweeú the rails, or in the height of 
one rail above the other when not intended to coun- 
teract the effect of a curve ; and the importance of 
laying the rails and sleepers (that is, the permanent 
way) in the moât solid and substantial manner will 
be at once perceived. With the vieir of attaining 
thiss end, several difíerent methods have been de*- 
vised for fixing and supporting the rails ; these may 
ali, hotrever, be generally classed under two heads, 
viz., those having a eontinuous bearing, or in which 
the rails rest upon wx)oden sleepets throughout theit 
entíre lengtfa, and those which aré only supported 
at certain intervals (varying írom 2 feet 6 inches to 
9 feet as given in the table at page 49), on metal 
chairs as they are technically tetined. 

The Great Western was the first Une on whlch 
the eontinuous bearing was employed, this method 
of laying the rails having been suggested by Mr. 
Brunei, who is the engineet of that line. The 
method there ftdopted is shown in figure 63; the 
rails (the form of which has been already given at 
py figure 59) are firmly screwed to a piece of timber 
15 inches in width, 7} inches in depth on the outer 
side, and 7 inches in depth on the inner, by which 
means the rail is made to slope somewhat inwards 
to counteract the spreading tendency produced by 
the eonical wheels. Á piece of patent feit is 
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interposed the wfaole way between the rail and the 
timber, forming an elastic bed for the rail. The 
longitudinal timbers are preserved at their correct 
distance apart by transverso pieces {a, á,) placed 
between them at every 11 feet, being notched into 
the timbers on both sides, and further secured to 
them by wrought iron knee straps. Similar pieces 
(by by) are also placed at distances of about 14 feet 
apart, between the two lines of railway, in order not 
only to preserve them at their proper distance, but 
to steady the whole. The ground immediately under 
the sleepers, and upon which they bed (technically 
called the baUaÃting)y should be composed of clean 
gravei, broken stone, bumt clay, or any other hard 
material not affected by wet; it should be well 
rammed and packed under the rails, and its upper 
surface should be formed in the manner shown iu 
the section, so as to lead off any water which may 
fali upon it, and prevent its soaking through to the 
timber. The continuous bearing has been adopted 
on other lines besides the Great Western; amongst 
which may be mentioned the Newcastle and North 
Shields Railway and the Croydon Railway, the 
method adopted upon the latter of which is shown 
in figure 64. The form of the rails is shown at A, 
figure 59 ; they are screwed to longitudinal sleepers 
12 inches wide and 6 inches in depth, which are 
again supported upon cross sleepers 9 feet in length, 
9 inches in breadth, and 4^ inches in depth; these 
sleepers are placed 3 feet apart from center to 
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ceoter, and are secnrely 
Bpiked to the longitu- 
dinal timbers. 

Tbe Sfsteni, however, 
wbicb faas been most 
generally adopted is 
that of fizÍDg tbe rails i 
in iron cbairs supported ■ 
upoQ eleepers placed at 
certain iaterrals, accord- 
ingtooneoftbeniethods 
sbown in figure 65. That 
Bhown at A is the tnode 
in whicb the London 
and Birmingham and 
many other Unes were 
laid in those portíons 
wfaicb are in cutting, 
and it consiats in fixing 
the chairs supporting 
tbe rails to blocks of 
Btone, usually from 4 to 
õcubícfeetinbulkjwhich 
are fínnly imbedded in 
the ground ; they were 
most iiequently laid dia< 
gonally, as sbown at a. 
This metbod bas, bow- 
ever, been in a great 
measure snperseded, and 
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timber sleepens are almost unirersally employed at 
the present time. The form of timber sleeper 
most generally employed is that sfaown at b, being 
a piece of round timber between 9 and 10 feet in 
length, and about 12 inches in diameter, sawn 
down the middle and laid with the âat side down- 
wards, a flat bed being adzed out on the upper 
side for each of the chairs. Another form of 
sleeper (as shown at c) has been employed by Mr. 
Cubitt on the South Eastem' Railway, which con* 
sista of a piece of square Baltic timber sawn twice 
diagonally, as shown at d, so as to prodace four 
sleepers, which are laid with their broad flat face 
uppermost. 

A combination of the two systems has been 
adopted on the Birmingham and Gloucester Rail* 
way, and upon the Dublin and Kingston Railway, 
the former of which is represented in figure 66. 

Fig. 66. 
a h a h a 




In the cuttings the rails are supported upon chairs 
(a, a, a,) and saddles (i, h^ placed altemately, and 
fixed to longitudinal timbers 13 inches wide, and 6 
inches in depth ; and on the embankments the 
saddles are replaced by chairs, which are only 30 
inches apart ; and the longitudinal timbers are con- 
nected together by transverse sleepers 7 feet 2 
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inches in length, 7 inches in width, and S^ inches 
in depthy as shown in the cross section. The chairs 
weigh eighteen pounds, the saddles onlj three, and 
they are placed at a distance of only 2 feet 6 inches 
apart. 

We have as yet only mentioned incidentally the 
gauge of railwayS) by which is technically meant the 
distance between the two rails. It is an unfortunate 
circnmstance that, previous to the formation of any 
impoTtant Unes of railway in this country, the whole 
subject had not been properly investigated, and that 
gauge adopted which, after such an examination^ 
appeared best qualified to satisfy the wants of the 
public, and to meet the requirements of trade. And 
such a gauge having been fixed tipon, its uniform 
adoption should hare been made compulsory, and 
no consideration should have induced a departure 
from it. The foUowing table exhibits the various 
gauges which have been adopted in diflèrent parts 
of the United Kingdom ; the 4 feet 8^ inches , the 4 
feet 8| inches, and the 4 feet 9 inches gauges may 
be regarded as the same, since the same carriages 
travei over them without inconvenience ; in fact, the 
latter is now almost always adopted as afibrding a 
little more play between the rails and the flanges of 
the wheels. In this table no notice is taken of the 
5 feet gauge adopted on the Eastem Counties and 
the London and Blackwall Railways, as those lines 
have subsequently been altered to the 4 feet 9 
inches gauge. 
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Name of iUilway. 



Brandliog Junctíon 

South Western 

Liverpool and Manchester . . . 

Midland Counties 

Birmingham and Gloucester . . 
London and Birmingham . . . 

Dublin and Kingston 

London and Croydon * 

Chester and Crewe 

North Midland « 

London and Bríghton .... 
Manchester and Birmingham . . 
Chester and Birkenhead, and the) 
Manchester and Leeds • . , y 
Arbroath and Forfar .... 

(Jlster Railway 

Great Western 
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Much practical inconvenience and great inter- 
ruption to trade result írom tfais difference in the 
gaages of different lines of railway, in consequence 
of its necessitating the removal of passengers and 
goods from the carríages of one gauge to those of 
the other. In order to remedy this inconvenience, 
it has been suggested to form those lines of railway 
which communicate with both broad and narrow 
gauge lines, with a mixed gauge, which xoay be done 
in two different ways. That shown in fig. 67 is to 
lay the narrow gauge line in the center of the broad, 
each having its own distinct lines of rails, a a being 
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Fig.ei. 
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those belonging to the broad gauge, and b b those 
of the narrow. While, however, this method pos- 
sesses the advantage of allowing a mixed train of 
narrow and broad gauge carriages to be run upon the 
line, it is more expensive than that shown in fig. 68, 

& T T * 
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and would require a more complicated arrangement 
for Crossing on to anotfaer line of rails. The latter 
method is to lay a third rail, a a, outside the narrow 
gauge line, at such a distance from it, that while 
the two rails b and c form the narrow gauge track, 
a and b form the broad gauge. This latter method 
hae been adopted on that portion of the Birming- 
ham and Gloucester Bailway which extends írom 
Gloucester to Cheltenham, The Birmingham and 
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Gloucester Railway is (as atated in the foregoing 

table) a nairow-gauge line, and Cheltenham ís the 

ãrat station upon ít out of Gloucester. The Great 

Western Railway „ ^ 

Company having 

determined to ex- 

tend theír broad- 

gauge line from 

Gloucester to Cbel- 

tenham, availed 

tbemselves of the 

existin^ naiTov- 

gauge line by lay- 

ing a third rail on 

the outer side in 

the manneT shown 

in fíg. 68. At a 

short dietance irom 

the Cheltenham 

statioB of tbe 

Birmingham and 

Glouc e aterRai 1 way , 

they leare that Hne, 

and run by a 

branch of about a 

mile in length into 

the town of Cheltenham. Fig, 69 shows the way in 

which the rails are atranged at tbe point wbere the 

two lines separata, so that wbíle the narpow-gange 

trains pass along their old track, the broad-gaage 
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ire caused to leave the same and tura off ou the 
iranch line without any person's attendance. a h 



^ md c rf are the rails of the old narrow-gauge line, 

'* /and g h those of the broad gauge, the latter ff h 
Meing the continuation of the additional outer rail. 
it will be observed that the line of rail a /is cut 
ihrough at e and at k in order to allow the flanges 
»f the wheels belonging to the narrow-gauge trains to 
,)ass ; and in like manner the rail edis cutthrough at k 
ai order to allow those of the broad gauge carriages 
o pass. Now, when a narrow gauge train ap- 
proaches the point e^ the âanges of the wheels are 
kept close to the rail a bhj the opposite rail c rf, 
cind they are made to pass through the cut at e, the 
train pursuing its course along the old line. When, 
bowever, a broad gauge train arrives at the same 
point, the wheels are drawn over towards the rail ff A, 
hy a ffuard rail (as it is termed) l m, which acts on 
the inner side of the âanges of the wheels, by which 
means they are prevented from passing through the 
cut in the rail at ^, and are made to travei along the 
lines a faxxá ff h. It will be observed that the rails 
where they terminate at ky l and m, are made with 
an enlarged opening in order to guide the âange of 
the wheels with greater certainty in the intended 
course. 

It is írequently necessary to pass trains from one 
line of rails to another, and several different methods 
have been devised for doing this. One of the sím- 
plest and most frequently adopted plans, is to lay 
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down a ahort Une 
of rails, connect- 
ingtheothertwo, 
and so establish- 
ing the desired 
communicatíon. 
It becomes ne- 
cessaijy however, 
then, to have the 
means of con- 
necting and dis- 
connecting this 
short line with 
the main line at 
pleasure, accord- 
ing as it is in- 
tended that the 
train should 
leave or con- 
tinue upon the 
latter; and this 
is effected by 
means of a con- 
trivance termed 
a êwitchy which 
is shown in fig. 
70: ab and cd 
are portions of 
the rails of 
the main line, 
and e f and 
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g h portions of the short line branching from it, ali 
of which are immovably fixed in the ordinary man- 
ner, with the exception of the two rails fi and kl; 
these, which are termed the tangues of the svitch, 
are only fixed at one of their ends^/and ky on which 
they tum as centers ; their other ends are tapered 
away to nearlj a point, a slight recess being cut in 
the other lines, at i and l, into which they fit. These 
tongues are connected together by a bar, m n o^hj 
means of which they are always preserved at such a 
distance apart, that when either of the tongues is in 
contact with the rail near it, the other shall be re- 
moved írom the opposite rail sufficiently to leave 
space for the flange of the carríage-wheels to pass 
between them. In order, then, to cause a train to 
pursue its course along the main line, or to leave 
the same and enter the branch line, it only becomes 
necessary to move the bar mno, which, when in the 
position shown at A, will cause the carriages to leave 
the main line, but if shifted into the position shown at 
B, will cause them to continue their course along the 
same. It is usual to have the switches so arranged, 
that they are kept in the position shown in b, (in 
which the main line is not interrupted,) by a self^ 
acting weight, the attendance of a man to move 
them into the position shown at a being necessary 
when it is desired that the train should leave the 
main line. Two guard rails, pq^ rsy are necessary 
in order to prevent the flanges of the wheels frota 
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Btriking against tbe point wbere tfae two lines inter- 
sect eaeh otber. 

ÂDother metfaod of removíng only BÍngle camagea 

from one line of rails to another, is by means of 

what is termed a tumtabte. Three of these are 

shown in fig. 71, at a, b and c. They coDsist of a 

Fig. 71. 




circular platfonn of tímber or iroD, supported on 
vheels, and fixed upoo a center, in stich a manner 
that thej are capable of beíng tumed round, érea 
vben loaded with a considerable ireight, vrítfaout 
much frictíoa. On their upper surface they faare 
usually two lines of raile crossing at right angles, 
and they are so placed that these form the continiia- 
tíon of the main lines of the railway, and another 
line crossing tbese at right aagles, as shown in the 
figare. Noir, the way in which these are employed 
Í8 as follows : aupposing that a number of carriagefi 
«tuated on the line p c were required to be reniofed 
on to Uie line S a, the carríage nearest o would be 
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Fig. 72. 



moved on to the tumtable c, (wfaich, h should have 

been stated, is of snfficient diameter to receíve the 

wbole of tbe carriage upon it,) and broagfat into tbe 

position shown by the whole lines, ahcd^ the turn- 

table would then be tumed upon its center through 

a quarter of a circle, by which the carriage would 

be brought into the position sho¥m by the dotted 

Unes e f g h: it 

would then be run 

overthe tumtable 

B, on to A, into the 

position shown by 

i k l m, and the 

tumtable a being 

tumed upon its 

centetyWould bring 

the carriage into 

the position shown 

by the dotted lines 

nopq, in which it 

would only hare 

to more down the 

line of rails to a ; 

and the same 

method of pro- 

cedure being fol- 

lowed with the 

other carriageSy 

the whole train 

would in a very 
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short time be shifted from one line to the other. 
If it had been desired to bringthe carriage on to the 
center line of rails, theii the tarntable b would have 
been employed instead of a. 

A simple method of rerersing a train of camages 
is shown in fig. 72, which consists in fonning a 
short branch, e f, at right angles with the main line, 
and communicating with it hj tiro curves, b e and 
£ c. The train has only then to be run off the main 
line, by the curve b e, into the branch, untíl the last 
carriage has cleared the point e, when the switches 
are altered, and the train retumed to the main line 
by the other curve, e c, hj which the whole tndn 
will have been reversed, the end which before was 
towards a being now towards d. 

The limits of the present work will not allow us 
to enter at length into the minute details of con- 
struction which are requisite in the various parts of 
an extensive line of railway, to the mechanical in- 
genuity, beauty, and simplicity of which we, in a 
great degree, owe the present state of perfection 
which railway travelling has attained. It is, in fact, 
very interesting to look back over the short period 
which the history of railway locomotion occupies, and 
observe how rapid and unexpected its progress has 
been,so much so,that it is little more thantwenty years 
since the foUowing observations were penned by a 
mechanical writer of justly acquired celebrity, whose 
knowledge of the subject was veiy extensivo, and 
who was by no means predisposed to take a narrow 
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view of it. He remarks — " We speak of this [ten 
miles per hour] as a rapid motion, and the more we 
consider the subject, the more reason we find to 
consíder it so, and we see no material advantage in 
a greater speed, unless it were on a railway for mes- 
sengers and letters only, where the small carriage to 
contain the messenger and letters may be impelled 
by a man, seated in it so that he could work in a 
manner similar to a man rowing. On a railway 
adapted for such a light carriage, with its load sus- 
pended below its axles, a great speed might be 
obtained, when habit had rendered it supportable ; 
and perhaps it may in ;a few rare instances be 
worthy of trial, where the quick transmission of 
intelligence or despatches is of importance : and, 
being successful in these instances, it might be 
adopted for the conveyance of mails; but that any 
general system of conveying passengers would an- 
swevy to go at a velocity exceeding ten miles an hour^ 
or thereabouty is extremely improbable,^^ How 
great a contrast between the opinions here expressed, 
and the present state of railway travelling; when a 
train of several tons, and containing, perhaps, some 
hundreds of passengers, is conveyed (not as an 
experiment, but daily) at the rate of 6ftj or sixty 
miles an hour, with perfect safety and ease. 

* Tredgold on Railways, p. 119. 
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CâNàLS. 

Oftkeir General Arrangement. 

Canals are artificial channels of water, which have 
been fonned for the purpose of affording the fisbcili* 
ties of water coQveyance iu districts where no natural 
rivers and streams exi«t, or where those which may 
have existed have, firom a variety of causes, been ill 
adapted for navigable purposes. And, in fact^ canais 
possess (generally speaking) so many advantages 
over rivers, that they have frequently been con- 
structed, at considerable cost, in situations where 
navigable rivers were alreadj existing. In many 
rivers the existente of currents and shoals renders 
the navigation difficult and uncertain, and in times 
of floods and fireshets, it has frequently to be entirely 
suspended. It may also be remarked that rivers 
aeldom flw in a very direct course, but more fre- 
quently pursue a winding path, depending upon the 
form of the valleys through which they have to 
thread their way: in such situations as these, the 
superiority of canais is sufficiently obvious. 

In laying down and arranging the general line of a 
canal, manypoints have to be considered in addition 
to those which have been generally mentioned, as 
applying to them in common with roads and rail- 
ways, at the commencement of this chapter. One 
of the most desirable points to be attained is a per- 
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fectly leve) surface througbout its whole extent. It 
is, however, very seldom that tbe counirj i& so 
fs^vourable as to allow this to be effécted^ Io moat 
cases it becomes necessary occafiion&lly to alter tbe 
levei of the surface of tbe canal, tbe water being re* 
tsdned at the bigher levei by gates so placed tbat 
the pressure of tbe water against them keeps ibem 
closed. It Í8y however, impossible to p^event a small 
amount of leakage at tbe gates, and therefore it 
becomes necessary to bave tbe mcans of sapplying 
tbe upper portion of tbe canal witb water, to com- 
pensate for tbat which thus escapes^ as well a$ tbat 
which is necessary (as we sfaall presently explain) to 
pass vessels from tbe bigber to tbe lower levei. In 
addition to tbese two causes of loss, a furtber waste 
is occasioned by tbe evaporation firom its surface, 
and tbe absorption of tbe water by tbe ground tbrongb 
wbicb it flows. It is, tberefore, an object of consider- 
able importance in tbe arrangement of a canal, to 
obtain some natural feeder (as it is termed) for tbe 
supply of tbe water tbus lost, and wbicb object is 
usuaUy attained by diverting some of tbe smaller 
natural rivers or streams, and leading as wucb of 
tbeir waters as may be required to supply the higbest 
(technically called tbe summit) levei of tbe canal, for 
tbat being properly supplied, tbe lower leveis will 
be fed by tbe water wbicb escapes from tbe upper. 
Before forming a canal, the strata through wbicb it 
will pass sbould be careíully examined, more espe- 
cially witb reference to its powers of retaining water, 
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that is, of not absorbing it. Many soils, such as 
clean sand, or gravei, would cany off the water so 
rapidly as soon to drain the canal, and therefore 
such strata should, if possible, be avoided. Where, 
however, it is impossible to do so, the canal may be 
made water-tight, by lining its sides and bottom with 
pitddlêd clay, which consists of good clay, thoroughly 
well beaten up with water, or temperedy and then 
mixed with a certain proportion of gravei, sand, or 
chalk. Puré clay by itself would not answer, because 
if at any time the water in the canal sunk below its 
ordinary levei, the upper part of the puddle be- 
coming dry, would crack ; and when the water again 
rose it would escape through these cracks, which by 
its action would be gradually enlarged, until the 
puddle was rendered useless. 

The form of section of a canal, that is, its width 
and depth, is another point requiring to be carefiilly 
considered. This must depend upon the size of 
the vessels which are to be conveyed upon it, and 
upon the amount of the traffic to be expected. 
The sides of canais are usually formed with slopes, 
of about two to one, and, in some cases, the upper 
parts, near the water's edge, and which are most 
exposed to the ripple produced by the passage of 
vessels, are protected by rough stone paving. 

The foUowing table exhibits the length and 
dimensions of the transverse section of a few of the 
English and American canais: — 



CIVIL ENGINEERINO. 



73 



JINGLISH. 

Sankey Canal 

Leeds and Liverpool. . 

Basingstoke 

Thames and Severn. . 
Gloucester & Berkeley 

Grand Junction 

Kennet and Avon .... 

Aberdeenshire 

Thames and Medway 

Caledonian 

Rye,or Royal Military 

AMSRICAN. 

Champlain 

Schuylkill Navigation 

Morna 

Pennsylvanta 

Ene 



Date 

of Con- 

struc- 

tiOD. 


Length 

in 
MUes. 


Breadth. 


Depth. 


Top. 


Bot- 
tom. 






Feet. 


Feet. 


Ft.In. 


1755 


13 


48 


• • 


5 7 


1770 


108S 


43 


27 


6 


1778 


37 


38 


• • 


5 6 


1783 


30 


43 


30 


5 


1793 


16» 


70 


• m 


18 


1993 


90 


43 


• • 


5 


1794 


67 


44 


24 


5 


1796 


181 


23 


• « 


3 9 


1800 


Bi 


50 


28 


7 


1803 


23 


40 


• • 


20 


1807 


30 


72 


36 


9 


• • • • 


11 


40 


28 


4 


• • • • 


58 


36 


22 


3 6 


• • • • 


101} 


32 


20 


4 


• • • • 


276* 


40 


28 


4 


• • • • 


363 


40 


28 


4 
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John Eyes. 
Brindley. 

R. Whitworth. 
Telford. 
Jessop. 
Rennie. 
CapUin Taylor. 

* * • • 

Telford. 

Royal Enginccrs, 



OfLocks, and their Substitutes. 

We have already mentioned that, in cases where 
it is necessary to alter the levei of the sarface of a 
canal, the water is retained at the higher levei by 
means of gates; and we have now to explain, more 
in detail, the manner in which they are constructed, 
as well as the means adopted for passing vessels up 
or down from one levei to the other. 

The most frequently employed contrivance for this 
purpose is the common lock^ of which íig. 73 is a 
longitudinal section; íig. 74aplan; fig. 75 a trans- 
verse section through the center of the lock; and 
fig. 76 a transverse section of the canal below the 
lock, showing its lower entrance. The upperand 
lower portions of the canal are connected by the 
passage A b c, termed the lock chamber, the fonu of 
which will be seen from fig. 75; its sides and bottom 
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(the latter termed the inverty or Jlcor^j are usually 
lined with brick or stone. The lock chamber is 
much less in width tban tbe canal, being made 
a litde wider tban tbe vesseis intended to pass 
througb it. It will be observed, by reference to 
fig. 73, that tbe floor of the upper end of the lock 
chamber, from d to e, is on the same levei as the 
upper portion of the canal; and the remainder, from 
F to 6, is levei with the bottom of the lower canal. 
The gates, bj means of which the water is retained 
at the upper levei, are shown at a e, and in the sec-^ 
tion, fig. 75 ; they are slightly curved, as shown in 
the plan, fig. 74. When opened, they tum upoa 
their ends, h and e, as centers; and they are of such 
a breadth that, when shut, they meét at an angle at r> 
in which posiâon each gate derives support firom the 
other; and the pressure of the water against them 
only tends to keep them the more closely shut, andj 
consequently, to diminish the space througb which 
it might otherwise have escaped. 

In this arrangement the gates are precisely in a 
similar situation to the two beams shown in fig. \ò% 

• PftgeS7ofthe FlntPáii - 

£ 2 
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the pressure of the water against the gates ta^king 
the place of the weight suspended írom the beams, 
and acting (in the manner there explained) as a 
force against the sides of the lock chamber, tending 
to push them apart. So long, however, as the walls 
are made sufficiently strong to support the thrust 
thus brought upon them, no inconyenience arises. 
The gates are opened by means of capstans, L and 
M, the chains being attached to the gates under the 
irater, and passing through tunnels in the sides 
of the lock. They are closed in a similar mauner, 
by two other capstans, n and o, the gate h i being 
shut by means of the capstan o, and k i by means 
of N. 

Another pair of gates, precisely similar, are placed 
at the lower end of the lock, cg; they are carried 
up to the same levei as the upper gates, and are 
therefore as much higher than those as the upper 
canal is above the lower, as is shown at A and c, 
fig. 73, and in the two sections, figs. 75 and 76. 

We will nowpropeed to explain the mode in which 
ihe lock is used; and we will first suppose the case 
of a boat requiring to be raised from the lower to 
the upper levei of the canal. The lower gates, at 
c, are first opened, as shown in figs. 73 and 74, and 
the boat is floated into the lock chamber, (the length 
of which should be a few feet more than that of the 
longest boat passing along the canal,) they are then 
shut, and brought into the position shown by the 
dotted Unes p, Q, b, in fig. 74, which having been 
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done, some of the water from the upper canal is let 
into the lock chamber, through channels shown at s 
and T, in the sides of the upper part of the lock, and 
which can be opened and closed at pleasure, by 
sluices worked by machinery. The water being pre- 
vented from flowíng out, ín consequence of the lower 
gates being shut, quickly rises to the same height in 
the lock chamber as in the upper canal, the boat 
rising with it. As soon as such is the case, the 
upper gates at a are opened, and the boat is floated 
out of the lock into the upper canal. The reverse ope- 
ration of lowering a boat from the upper to the lower 
levei, is performed in a similar manner ; the boat is 
floated into the lock chamber, the gates at a being 
opened, and those at c closed ; the former are then 
shut, and the water in the lock chamber is allowed 
to run out by channels, v v, formed at the lower end 
of the lock, similar to those already described at the 
upper, untíl levei with the surface of the lower canal, 
when the gates at c are opened, and the boat passes 
out of the lock. 

The quantity of water let out of the upper canal 
in the passage of a boat depends upon the direction 
in which the boat is moving, and whether it finds 
the lock fiUed or empty. The following Table shows 
ali the cases which can occur: — 



78 



BUDIírSNTS OF 



Boat desoending j 
Bot-oending. j 



Finding 

the 

Lock, 



Empty.. 

FuU 

Enply.J 



Letsontoftlie 
UpperCttial,} 



Nòne^MM 

ILockfuU..* 



1 LockfnU... 
I IjCx^íuII... 



And leaT« 
tbeLoek, 



l Empty. 
IfhíL 



It is therefore evident, that a series of boats fol- 
lowing each other. in the same direction, either up 
or down, will require^ one lockfuU of water for every 
boat that passes ; but if the boats pass alternately 
up and down, only one lockfull will be required 
between each pair, since every ascending boat 
requires a lockíull, and leaves the lock fali; and 
eveiy desoending boat finding the lock fuU, does not 
require any water firom the apper canal. 

When the ground rises or falis so rapidlj as to 
require several locks in a short distance, it is not 
tinusual to form what is called a chain oflocks, or to 
make a succession of lock chambers immediately 
contiguous to each other, the lower gates of one 
chamber forming the upper gates of the next below 
it, as shown in fig. 77. The advantage of this 

Fig, 11. 
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9xr&B^&ment is a co&ndecable savisg in tbe cost of 
eonstructiDg the locks, aiising from the circurnstance 
ihat only ooe znoie than half the xmiiiber of gates, 
with ali the machineij for opening and closing them, 
is required. Where, howerer, there is a scaicity of 
water for the sapply of the upper levei of the canal, 
this advant^e is coíimterbalaDced by the disadvan- 
tfi^e of this arrangemeni of the locks reqtdring a 
larger quantity of irater for the passage of the boats 
imder certaia eircmostances, as wiU be seen firom the 
foUowingTable: — 



1 


FfaldlBg 

ali the 
Lockê, 


Lets out ofthe 
Upper Canal* 


Leaves án 
the Locks, 


Boat descendiíig -j 
Boat ascending . ) 

• 


FqU 

Esiptj.. 

Pirfl 

Emptj. . 


Kone 


1 Empty. 
1 FulL 


1 LoekiuU... 

ILockfuU... 
4 Loo.k8fiill *. 



In this table it is not meant, when the locks are 
stôd to be empty, that they faave actually no water 
in them, but that the water is then at its lower levei, 
as shown by the lines a a^y in fig. 77. From this 
table it therefbre iq>pears that, if a successiòn of 
boats follow each other in the same directión, ivhe- 
ther npwards or downwards, each boat will reqtdre 
one lockfull of wat^ ; but if they pass altemately up 

* That is, as many locksfuU will in this case be drawn firom tbe 
upper canal as there are contiguous lock chambers, which, in the pre- 
sent example, is four. 
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hare been réqúred to fill tke lo^ erery tine fnm 
the npper cúial; bot that sbown in fig. 79, m irhicli 

Fiff. 79.* 




tbere are two side pouds at diãèrent lereis, saves 
half the water which wonld have been lequired with- 
out tbem. Jq ÍMs case, section s shows the lock 
filled with water. The sluice a being then opened, 
ibe water esters the leli-hand pand, untH it bas at- 
taiaed tbe lerei sbown in section f, when tbe sluice 
a is closed, and b is opened, allowing the watei to 
enter the nght-hand pond, as sbown in eectíoo G ; 
the sluice b is then closed, and the remainder of the 
water allowed to run off into tbe lower canal, ontil 
it bas attaíned tbe levei abown in section H. If now 
it is required to refill the lock cbaniber, the sluice b is 
£i8t opened, and tbe water is allowed to Tun out of 
tbe rígbt-hanâ pond, as sbown ia section i; the 
sliúce b is then closed, and a opened, and the water 
bom tbe left-hand pond likewise admitted into tbe 
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lock» bj which it becom^ half filled, as sfaoim in 
^ectíon K, only the other half requiring ta be drawn 
from the upper canal. In both the arrangements 
which we have now descríbed, the statement of the 
water saved is upon the assumption that each pond 
is equal in superficial área to the lock chamber ; if 
larger, the saving would be greater than has been 
stated, but if the ponds are less, the saving will be 
smaller. 

We have as yet only naticed one method of rais- 
ing and lowering the vessels navigating canais, and 
now pass on to describe a very ingenious axrange- 
ment for l^ing the boats perpendicularly, contrived 
by Mr. James Green, and applied by him on the 
Grand Western Canal. Figure 80 is a longitudinal 
section, and fig. 81 half a front view, and half a 
transverse section ; a is a portion of the upper canal, 
which, as it approaches the lift, is divided into two 
channels, each of which is about 7 feet in width, 
and 3 feet 6 inches in depth, being only just suffi- 
cient to admit of the passage of one of the canal 
boats, the dimensions of which are 26 feet in length, 
and 6 feet 6 inches in width ; they are built to carry 
about 8 tons, and, when laden, do not draw more than 
2 feet 3 inches of water. These channels are closed 
by a door or gale at b, fitting wiih sofficient accu- 
racy to prevent the escape of any of the water, but, 
at the same time, adnátting of being opened by means 
of the machinery shown at c, which raises the gate 
vertically in a groove in the íramework on each side. 



RDDIUBNTS OF 



An end riew of oae of these gates is seen ia the leíi 
haadhalf offig. SI. The lower canal íb also divided. 




in a similar manner, into two channeU of the same 
dimensions, (one of whichis seen in section at d,) 
and they are closed in the same way by means of 
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gates, E £, the machinery for núàng which is seen 
at F. In the space between the npper and loirer 
canais two long nairow chambers are formed, ono 
corresponding with each of the cfaannels of the 
canais. A transvene sectiou of one of these cham- 
bers is seen in tbe left band half of dg. 81, and a 

Fig.8l. 
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kMQigitiidiíial aectiòii in fig. 80. Along the top of 
tiiese chamben, supported cm irem Goianms, is placed 
an axie or shaft, g g, tlie center of whieh coneí^nds 
with the center of tíie pier dividing llie two cham^ 
beis. Upoa thts axle three wheds, h, h, h, are 
aecurely fixed, the diameters of which are snch, that 
chains 1 1, huDg in grocves in their circumferences, 
hang exactlj down the center of each chamber. 
These grocves are made to fit the links of the chain 
in such a manner that the latter cannot slip. To 
the end of these chains are attached two water-tight 
tanks or cradles, k and L, (one in each chamber,) 
the dimensiona of which are sufficient to contain one 
of the boats navigating the canal*. Bj an inspec- 
tion of fig. 81, it will be seen that the chains ii are 
attached to' a cross-bar, a, connected with the cradle 
bj two rods, b b, and learíng sufficient headway to 
allow the boat to pass freely under them. The length 
of the chains, 1 1, is so adjusted, that when one of 
these cradles is levei with the upper canal the other 
is on the same levei as the lower, and vice versa, When 
it is desired to lower a vessel from the upper to the 
lower canal, one of the cradles is bronghtup to the same 
levei as the upper canal, and is there secured bj being 
forcibly screwed up against the entrance of the chan- 
nel A, by means of machinery at M, with sufficient force 
to prevent the escape of any water between them ; the 

* Each end of these faBks Is dosed by a gate» or docv, iBBiQar to 
those at b and E, and which are opeaed ia a stniflar mBQnery by iliding 
in vertical grocves. 
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gate of the chidle is then connected, by metns of 
a bolti with ihat of the channel a, and the two are 
raiaed togetfaer by the machin^ry at c, to a sufficíeiít 
height to áUow the boal to pass under them from the 
upper canal into the cradle k, in which it floats pre- 
cisely as U did previoariy in the canal. The doors 
or gates are then loweied into the grooTes in vhich 
they fit, so as sécnrely to close the eiids of the chan- 
jmI and the cradle. Previons to the passage of the 
boat into the cradle k, both it and the low er one, l, 
being filled to the same hetgfat with water, and both 
being of the same dimensioBs, they were of the same 
weigbt) and dierefore mutually balanced each other; 
because, from the manner in which they are hung, 
by chains over wheels, (perfectly free to more,) if 
they were not of equal weight the heavier woald 
descend, drawing ap the lighter on the opposite 
side; Now it would, at first sight, appear reasonable 
to snppose that, although the cradles, when both 
empty, or filled to the same height with water, 
balanced each other, they would cease to do so when 
a boat was placed in one of them ; but it must be 
rememberedy that the boat occupies a considerable 
space in the cradle which had previously been fiUed 
wilh water, but which, as the boat passed into it, 
escaped into ihe npper canal ; and it is an established 
iact in hydrostattcs, that the weight of water thus dis- 
placed by a boat, or any oúier^fioating body, is pre- 
cisely eqoal to that of the boat itself ; so tfiat, although 
the cradle has received ihe additional weígfat of the 
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boat, it has lost precisely the same weiglit of water^ 
andy consequendy, the two cradlea are still ixt 
equilibrium^ or^ in other words, still balance each 
other. In order, however, that the ciadle K may 
descend, it is necessarj to gire it a alight pie- 
ponderance, or excess of weight ouer i^ and this 
is very easily effected by allowing a small qaan- 
tity of water to escape from the lower cradle L, 
by which it is rendered lighter than the other^ 
60 that upon the screw at m (by which the upper 

• 

cradle was retained) being relieved^ it commences 
its descent, being regulated in speed by means of 
a brake, shown at n. As soon as tibe cradle K 
reaches the levei of the lower canal (into close con- 
tact with which it has been brought by a wedge 
placed at o, which forces it over against the end of 
the channel), the gate e is connected with the gate 
at that end of the cradle, and the two being raised 
together, the boat âoats out into the lower canal. 
We must not omit to mention a simple contrivance 
for making the suspension chaíns, 1 1, always balance ; 
it is evident, that it is only when the cradles are on 
the same levei that there will be an equal length (and 
consequentlyweight) of chain hanging on both sides 
of the wheels h, h, but that when either of the 
cradles is in its highest position, and, having to de-» 
scend, it is required for it to be the heavier, it will 
really be lighter in consequence of the short length 
of chain by which it is suspended ; this difficulty is, 
however, simply removed by hanging from the bot- 
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tom of the cradles three chains p, p, p, the weight 
of which is precisely the same, per foot, as those 
(i, ly) hy which the cradles are suspended, and 
which are of such a length, that when the cradle is 
in its highest position they reach to the bottom of 
the chamber; thus, as the length of chain above 
the cradle diminishes, that below it increases, the 
total length always being the same. 

The advantage of this method of passing boats 
firom one levei to another, compared with the system 
of locks, is a saving in the first cost of construction, 
and in the time, and quantity of water required^ 
The height of the lift which we hare just described 
is 46 feet, and the time required for raising or 
lowering a boat is about 3 minutes ; whereas, with- 
the usual system, five or six locks would have been 
used to attain the same lift, the time in passing 
which would have been nearly half an hour, With 
regard to the quantity of water consumed, settíng: 
aside that lost by leakage and in working the lift, 
a quantity of water precisely equal to the weight of 
the boat passes either up or down the lift in a con- 
trary direction to that of the boat; so that if the 
traffic in both directions is equal, no water will be 
taken írom the upper canal. 

On some of the American canais inclined planei 
have been employed instead of locks, for convepng 
boats from one portion of a canal to another at a 
different levei. On the Morris Canal there are 
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22 oí Ihese inclmed planes. Tliejr connt of a 
kind of laflwajTy baTÍag an indinatimi of 1 in 21^ 
Úàe rails being of iioiiy and ezleftâiiig for some 
distance inlo theloim canal, and at íkár npper ex- 
tremitj tenoínating in a kind ot lock cliamber. 
Upon tfab lailwaj there ia a tímber carriage sup- 
ported hy a tnick aft eitlier end, «f soffident di- 
mensions to cany one c^ the boate wldcli navigate 
the canal, and wfaieh ave ábont 70 feet in length, 
8^ÍBeiinbieadth,andcontainabovt30tans. Wb«i 
ifc is deaixed lo laise a boat,ihis caniage is nm down 
upon the railwaj into the lower canal, and passed 
nnder the boal, which, having been secnred to it by 
chains, the caxriage, with the boal npon it, is drawn 
np the indined plane by machinerf, into tiie lock 
at ito npper extiendfy, the lower gates of which are 
then closed, and the water being admitted firom the 
npper canal, the boat is floatèd off the carriage, 
and porsnes ite passage along the canal. The pio- 
cess of lowering a boat down the incfine is the exact 
converse of ihat which we hare just described. 

In our own oomitiy a similar contriTance has 
been emplojed on the Shropshire Canal, constrocted 
towards the close ot the last c&ktary. Tbey were 
here introduced by Mr. William Reynolds. One of 
ihese inclines is 600 yaids in length, with a per- 
pendicular rise of 126 feet; and another lises íi07 
feet in a lengdi of 350 yards. The boate, which 
earry ábont five tons eaeh, are drawn by machíneiy 
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up a railway laid upcm these incliaed planes, being 
placed iipon caxriages formed to receÍTe Ihem, in a 
similar manner to those in America. 



Aquedtuíts. 

In carrying canali^ across sboft and deep valleys^ 
in order to avoid a succession of locks which would 
be required if the surface of the canal were made to 
conform to that of the raUej, it is usual to cany 
them across at a higher levei, through a watertigbt 
channel Tormed and supported upon arches. Such 
structures are termed aquedtictsy and in their con- 
structíon have afforded some fine opp<»rtunities for 
the display of engineering sMU. 

Figure 82 is an elevation of a portion of one of 

jFí^. 82. 
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DOCKS» 

Differeni kinds qfDocks. 

Under the general term dockt mmy be inclnded a 
great nnmber of ihe difierent accessaries attacbed to 
a poTt, sach as draw docks, drg docks, graving 
docksj and Jhating doeks. It is to the lattet oí 
these,howeyer, Aatthe general tenn docks is usually 
applied. Drair docks are, nsnallj, nothing more 
than a sloping road or waj leading bjr a gradual 
descent from the wliarf to the lower le^el of the 
shore, and enabling carts and other Tehicles to be 
drawn down on the beach b j the side of the vessels 
lying there, for the purpose of being dírectlj loaded 
or unloaded without the intenrention of boats or 
barges. This method of discharging and receiving 
their cargoes is termed beaching, and is rery ex- 
tensivelj practised by ihe small class of vessels 
emplojed in the coasting trade, which, from their 
size and bnild, are enabled to ground (or, as it 
is technically termed, tàke the ground), without 
straining or injuring the Tessel. The lai^e extent 
of beach drj at low water, in ihe Btver Mersej^ 
opposite Liverpool, called Wallasey Pool, and now 
forming the site of the entrance bastn of the nev 
docks at Birkenhead, was nsed as a beaching-ground 
bj ali the small coasting vessels, and those, the 
natore of whose trade did not require the superior 
accommodation afforded by the floating docks. 
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There is^ likewise» a great nmnber of diaw docks on 
the northem bank of the ThameSy more particularly 
between Watexloo aad Westminster bridges. 

Gravinff Docks. 

Gravisg docks (or dry docks) are docks con- 
structed for the reception of vessels while under- 
going repairs. They are usually made of such 
dimensLons as to contain only one vessel at a time ; 
tbeir sides are formed in steps, so that the form of 
the dock is somewhat similar to that of the vessel 
which it is to contain, but sufficient space is leíl 
around it to enable the workmen to get at everj 
part of the bottom of the vessel, and to afford suffi- 
cient light for the necessaiy repairs to be made. 
The entrance of the dock is closed with gates, pre- 
ciselj similar to those which we have described as 
belonging to canal locks, l^ which means, when the 
vessel has been floated into the dock and the gates 
closed, the water is pumped out of the dock, leaving 
it perfectly dry, the vessel being supported on timber 
struts and shores resting upon the steps already 
mentioned, upon the sides of the dock. The ac- 
companying plates are of a very fine graving dock, 
which is ttow being constmcted by the American 
Government, at their dock-yard near New York. 
Figure 86 is a longitudinal section, taken along the 
center of the dock; figure 87 is a plan; figure 88, a 
ÍTont view of the entrance ; figure 8d, a transverso 
section through the center of the dock; and figure 90 
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anoiher transverse section through the recess for the 

lock gates. The dimensions of the dock are suffi- 

cient to contain the largest yessel in the American 

Nary, its length within the gates being 820 feet, its 

breadth 93 feet^ and the width of the lock gates 

70 feet. The manner in which the yessels are sup- 

ported upon timher struts, when the water has been 

withdrawn from the dock, is shown in figure 89, 

from which it will be seen that ready access is 

afforded to everj part of the vessel. In order' that 

the bottom of the dock maj be at ali times dry and 

íree from water, it is formed with a slight inclination 

from A to B (figure 86), and a gutter is carried across 

the dock at the lower end, leading into a drain or 

culvert, c c, which passes entirely round the dock, 

as shown in figures 86 and 89, with a gradual fali 

towards D; and, the water being constantly pumped 

out of the culvert, it is impossible for any to ac- 

cumulate at the bottom of the dock. Several flights 

of steps (e, e, e) are provided in different parts of 

the dock for the use of the workmen, by which they 

are enabled to reach any part of the vessel with 

great facility. 

Floating Docks. 

Floating docks consist of •excavations or basins 
filled with water, the surface of which is always 
msdntained at such a levei that the vessels in it are 
at ali times afloat, the dock being separated from 
the river or sea (as the case may be) by means of 
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lock gates, so that the fluctuaúons in the lèvel of 
the latter, occasioned by the wind and tide, do not 
affect tbe former. In most cases, a ]ock is formed 
at the entrance of the dock by a double pair of 
gates, in the same manner as the canal locks which 
we have already descríbed, by which means vessels 
can be passed into and out of the docks, even when 
a considerable difiference of levei exists between its 
surface and that of the river without. The sides of 
the dock are usually formed by walls of masonry, of 
sufficient strength to resist the pressures of the 
ground and water to which its opposite sides are 
exposed. Along the top of the wall, tramways, 
cranes, and other appliances for readily removing 
goods írom the vessels, are usually placed. 

The advantages possessed by floating docks is 
so great, that few ports of any extent are without 
them; but it is more particularly, in situations where 
vessels lying in the natural river or estuary would be 
much exposed in rough weather, that the benefit of 
secure and well-sheltered docks is more especially 
manifest. We have, accordingly, selected the port 
of Liverpool as afibrding the best example which 
we could find, of the successful employment of 
floating docks; not only on account of the pecu- 
liarly exposed situation of that part of the River 
Mersey, but because the dock establishments of Li- 
verpool are unequalled throughout the world, both 
in extent aqd arrangement. 

The situation and relative positions of the various 

F 2 
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trade. These smaller vessels are disposed in tiersy 
on each side of the river» moorings being laid down 
for their use ; and the number of vessels in each 
tier is so regulated by the Harbour Masters of the 
port, as to leave at ali times a clear navigable 
channel between them, not less than SOO feet in 
widtfa. The number of vessels which can be thus 
accommodated is 461, of which 244 are on the 
south side, and 217 on the north' side of the ri ver. 

Tn the port of London, and in most situations, the 
docks are formed by excavations made on the banks 
of the river, but at Liverpool they have been formed 
in the river itself, by inclosing within walls of ma- 
sonry a portion of the beach of the Mersey, and 
afterwards excavating the bottom of the docks thus 
reclaimed, as it were, írom the river, to a uniform 
and sufficient depth. In some other situations, as 
at Bristol, the natural river flowing through the city 
has been converted into a floating dock, by placing 
lock gates across it, both above and below the city, 
and forming a new cut or channel for the waters of 
the old river to pass along, and for the use of vessels 
having to proceed further up the river. 

The lock entrances of docks are precisely similar 
in principie to those already described as being used 
on canais; but, as their dimensions are usually much 
greater, some difficidty has been experienced in ob» 
tainingtimber of sufficient size for their construction: 
on which account, and for greater durability, irou 
lock gates have been employed in some situations. 
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The strength of the dock walls, and their suffi-» 
ciency to sustain the pressures to which they are 
exposed (being that of the ground on one side and 
of the water on the other), may be determined bj 
meaus of the rules already given^. 

BRIDGES. 

Selection of Site, and determination of the kind of 

Bridge, 

A great variety of circumstances require to be 
considered in determining the best position, pro* 
portions, and materiais, of which to coastruct a 
bridge for any particular situation. The most 
general and important object to be attained is the 
establishment of a convenient and permanent means 
of communication between the two opposite shores, 
with as slight an interference with the free naviga- 
tion through the bridge as possible ; and the attain* 
ment of this object is, in many situations, attended 
with considerable difficulty, inasmuch as the con- 
ditions requisite for the preservation of the naviga*^ 
tion are incompatible with those required for the 
formation of a convenient road. For example, in 
the case of a river with low banks and much ire- 
quented by shipping, the construction. of a bridge 
which would at the same time afibrd an uninterrupted 
passage for vessels under it, and a convenient means 
of transit for vehicles over it, would be almost im^ 
possible; because, were the arches of the bridge. 

* Rudiments of Engineering, P&rt I.» page 56« 
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made of sufficient height to aUow vessels freelj to 
pass through them, the levei of tbe roadway would 
be 80 much elevated above that of the adjoining 
banks as to require either a veiy steep approach 
ÍTom botfa sides, or long and expensive embank- 
ments ; and if, on the other hand, the levei of the 
roadvay were so low as to remove these objections, 
tbe passage of vessels with masts vould be stopped, 
and the navigation materially inteifered with. 

To remove these difficulties in such a situation, it 
has been suggested to construct the bridge with one 
or two of its arches so arranged as to be capable of 
being' opened, at intervals, for the passage of vessels. 
But such an arrangement only mitigates the evil, 
and is far from entirely removing it ; and, in those 
situations where the traffic over the bridge was con- 
siderable and continuous, the periodical stoppages 
occasioned by the opening of the passages for the 
navigation would be extremely inconvenient. 

The preservation of a íree channel for the naviga- 
tion, and the formation of a convenient means of 
communication are, however, not the only important 
points to be considered. The effect which tbe con- 
struction of the bridge is Kkely to produce upon the 
river itself, whcther it would tend to increase the 
velocity of the stream and so produce a scour, and 
Washing away of the sides and bed of the river, and 
liltimately, perhaps, endangering its own existence ; 
whether it would alter, and in what manner, and to. 
what extent, the existing direction of the current, and 
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^o cause the formation of eddies and still water, and 
their constant attendants shoals and banks of de- 
posit; or whether the obstruction of its piers might 
not; in times of floods, by damming back the water, 
occasion the overflow of tracts of country adjoining 
the river above the site of the bridge, are ali in-» 
quiiies of immense importance, which require to be 
duly weighed and considered previous to' detemiin* 
ingthe proportions which ought to be given to the 
several parts of the structure. 

There are three difierent kinds of bridges, namoly^ 
those of masonry, those of iron or timber, and those 
on the suspension principie, each of which is pecu- 
liarly adapted for certain situations and circum- 
stances; and, therefore, the kind of bridge to be 
ádopted is also a point to be considered in the first 
stage of the investigation, although there are certain 
situations for which one kind of bridge would be 
as well suited as another: in which cases the choice 
becomes merely one of taste, or is determined by 
pecuniaiy considerations. 

With regard to the selection of the best site for a 
bridge, in many cases very little room is left for the 
exercise of the Eugineer^s judgment in the matter, 
the position of the bridge being determined by other 
circumstances, such as the necessity of joining two 
exisdng roads, or of avoiding interference with ex- 
isting estàblishments on the riyer's banks. Where, 
howevery the choice of its position is left with 
the Engixieer, it becomes .necessary for bim to 
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make a careful personal inspection of the localify^ 
to have the banks of the river accuratelj survejed, 
as well as soundings taken of the deptb of the river 
at uniform distances apart, and borings of the nature 
of the strata coniposing its bed. In addition to 
which, he should inform himself of the velocity of 
the stream, the height of the water, and the quantity 
passing down the river at idl times and seasons of 
the year, as well as the natUre and extent of the 
trade carried on upon it. Prepared with these data, 
be will be in a position properly to consider the 
subject, and to arrive at correct conclusions. In 
the infínite number of different cases and varying 
circumstances which may arise in practíce, it would 
be impossible to lay down any general laws upon 
this subject, but the following hints will be found of 
service in guiding to a correct determination. That 
part of the river should be selected whose course is 
straightest, bends and sharp tums being very un- 
suitable situations for a bridge, because at such parta 
the stream is usually irregular, and not parallel to 
the river^s banks; and unless the piers of the bridge 
were placed parallel to the direction of the stream^ 
which in such a situation they could hardly be, thej 
^ould ofier a much greater obstruction to the motion 
' of the water, occasion eddies and shoals below the 
bridge, be liable to be undermined by the action 
pf the stream acting only on one side of the pier, 
and endanger the safety of vessels navigating the 
i;iver by tbeir tendency to be carried against the 
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piera. For the same reasons, the brídge, if poaúble, 
sbould cross the ríver at ríght augles to the couise 
of the stream, and, if this be prevented hy circam- 
stances, the piers must stíU be placed parallel to the 
stream, and making an aDgle with the direction of 
the brídge. An arch so constructed' is termed a 
tkete arch, aod the angle formed hy the sides of the 
piers and a line perpeadicular to the direction of the 
brídge 18 termed the ongle of skew, and should not 
exceed serenty degrees. Not oiily must the £□- 
gineer, however, be careful to construct bis piers ín 
sucb a manoer as not to alter the direction of the 
stream, be must also see that its velocity is not 
materially increased, whicb,íf the bed of the rirer is 
of a Boft or loose nature, vould cause it to be rapidly 
Bconred away, and, by undermiaing the foundations 
of the bndge, in time endanger its stability. The 
folloiríng Table, taken írom the Edinburgh Ency- 
clopsedia, exhibits the velocity of stream, whicb, 
under ordinary círcumstances, the various descríp- 
tíons of soU enumerated are capable of reústing. 
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inflaence of rivers depends not only on the velociiy 
with which thej move, bat aiso apon the depth or 
weight of water resting upon iheir bed. The reasoii 
of this will be readily understood if we consider 
that the water acts upon the materiais composmg 
the bed of the river by its Jridum veiy miich in 
the same manner as a solid body would ; and it 
therefore follows that, the more heayilj the water 
is pressed against the ground, the greater will be its 
ínction, and the more powerful its scooring agency; 
in addition to which, when the depth is considerable, 
the increased pressure of the water canses it the 
more readily to insinuate itself into the interstices 
òf the strata, which it thus loosens and assiste in 
breaking up. It is, howerer only in the first act of 
breaking up the bed of the ríver that an increase 
of the depth of water influences and increases its 
scouring efiect ; the power of the water to carry or 
roll onward the mattèrs which it has tom up de- 
pends only upon ite velooity, always sapposing that 
the quantity of the water is such, that ite momentum 
is not influenced by the resistançe of these matters, 
and that the depths are within such limite that the 
specific gravity oí the water is not materially in- 
creased by compression. 

The most important point claiming the attention 
of the En^neer, as fiu: as the stability of the bridge 
is concemed, is to obtain a secure and unyielding 
foundation for the piers and abutments, such as will 
safely support the superincumbent weight of the 
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bridge and its load, and is not likely to be affected 
or disturbed bj changes in the bed of the river, or 
other circumstances. 

It may here be generally obseired, that while 
bridges of masonry are best adapted for the support 
and conveyance of heavy and continaous traffic, 
such as that passing daily over London Bridge, they 
oífer greater obstruction both to the stream and 
navigation than eitfaer iron or suspension bridges, 
on account of the comparative smallness in the 
span of their arches, and the piers occupying a 
space varying, in the examples which we have given 
in the tables foUowing*, from -j-iy th or -j^-ths of the 
span, as in the bridge of the Holy Trinity at Fio- 
rence, to -g^.i-jth or -^SfÚiBy as in the Neuilly Bridge. 
over the Seine; while those of the iron bridges vary 
ôrom Y-V^b o^ -^ths, as in Yauxhall Bridge, to' 
^.•jth or -ijVths, as in the Pont du Carrousel ; 
and those of the suspension bridges from -g^.^th or 
4^ths, as in the Brighton Chain Ker to i-i^T^h or 
^ths, as in the bridge near Fribourg. These 
numbers may be taken as those representing the 
comparative obstruction which the respective bridges 
offer to the stream ; but that which afiects the navi- 
gation depends not only upon the width or span, 
but also on the height or headway afforded under 
the arch of the bridge, so that we should, as far as 
the facilities which each offers to the navigation, 
rather compare the área of the space between the 

• See Tables, pages 117> 140, and 147. 
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intrados of the arch and the surface of the water, 
and this we have done ín the following Table, Uking 
as an example of bridges of masonry, London Bridge ; 
of iron, Southwark Bridge ; and of suspension bridges, 
that across tbe Tbames, near Charing Cross. Tbere 
is another point, in respect of which the suspension 
bridges and those of iron are preferable to those 
of masonry, and this is their much smaller weight, 
a point which we have illustrated by a comparíson 
of the weight of the center arches and piers of the 
three bridges above mentioned. Althongh, how- 
ever, with these advantages, they may be also con* 
sidered as much less costly, there are certain situ- 
ations in which undoubted preference should be 
given to bridges. of masoniy, Such are those in 
which the traffic is continuous and heavy, or the 
site much exposed to burricanes and tempests, in 
either of which case a suspension bridge would not 
be advisable, as would not an iron bridge in the 
former. 
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Of Bridges of Masonry. 

Having already stated, at some length, tbe prin- 
cipies upon which the equilibrium of arches of ma- 
sonry depend, and given rules for finding the pres- 
sure upon the keystone*, by which its depth should 
be determined; and that being fixed, for so pro- 
portioning the depth of the other parts of the arch, 
that the whole may be in equilibrium t, it only 
remaids here to ofíer a few remaks upon the prac- 
tical use of these rules. By reference to the Table 
there given J , it will be seen how widely the practice 
of engineers differs with regard to the load which 
they consider it dafe to place upon an arch of 
masonry. Taking into consideration the materiais 
of which it is composed, the bridge which carries 
the Great Western Railway across the Thames, near 
Maidenhead, is certainly the boldest which has ever 
been constructed, the actual pressure at the crown 
of the arch being about one-third of that which 
would begin to injure the cohesive strength of the 
material of which it is composed. Ánd, although 
the construction of this bridge has shown that it is 
practicable to approach much closer to the load 
which would cause failure than had before been 
considered safe, it is questionable how far prudence 
would warrant such an approach in ordinary cases, 
especially when we consider how many accidental 

* Rudiments of Engineering, Part I., page 51. 

+ Ibid., page 46. t Ibid., foot note, page 52. 



116 RUDIMBNTft OF 

circumstances may deteríorate the stability of the 
arch, to guard against which it seems desirable tbat 
a much wider margin should usually be given, and 
that the greatest load upon the key-stoiíe should not 
be greater than sV^^ of that vhich would begin^ to 
crush its material in bridges exposed to only or- 
dinary traffic, and in those which are continually 
exposed to the tremour and vibration occasioned 
by a continuous and very heavy traffic, not more 
than -ãVth. 

We haye in the annexed Table exhibited the pro* 
portions and dimensions of some of the principal 
bridges in Europe, in which we have given tbe 
radius of curvature of the main arch at its soffit, 
as well as the depth of their key-stones, and the 
materiais of which they are composed, firom which 
the student will be enabled to observe the propor* 
tions which have been adopted by some of the 
principal engineers. 
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In the accompanyÍDg plate, figure 92, we have 
shown the intradoses or profiles of the principal 
arch of each of the bridges mentioned in the fore- 
going table, ali drawn to the same scale, so as to 
afford at one view a comparison of their relative 
size and form. 

In the construction of a bridge the most im- 

portant point is to obtain an unyielding foundation 

for the piers and abutments, and, if this can be 

secured, the engineer may with safety adopt bold 

proportions for the arches of his bridge ; but, in a 

situation in which the piers would be likely to settle 

to any extent, erery precaution should be taken 

to íncrease the stability of the arches. It is a 

matter which may reasonably excite surprise, that 

engineers should so universally construct the piers 

of their bridges with solid masonry, since a very 

little consideration would suffice to show, that such 

a niode of construction is usually the worst which 

could be adopted, especially where the ground be- 

neaih the piers is of a yielding nature. The real 

office which the pier of an arch is intended to per- 

form is merely to support the arch, to receive its 

weight and transmit it to the foundation, and it per- 

fonns this in the most perfect manner when it adds 

to that weight in the least degree; in most cases, 

bowever, the weight of the pier itself is equal to 

about half that of the superincumbent arch*, so 

* By reference to the table at page 114, it m\\ be seen that the 
weight of that portion of the pier of London Bridge bdow the spring- 
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thai the weigbt which ihe foundations faave to carry 
is ha]f as much again as the real weight of the 
brídge. In the constraction of the piers of a bridge, 
the points which ought to be attended to are as 
foUoirs ; nameljr, that the substance of the píer sfaali 
be su£Eicient to enable it to sustain witbout injarj 
the Tertícal pressure of the arch and its load, as 
well as that of the vater and any accidehtal force to 
which it mighty nnder extraordínarj ciicnmstances, 
be HaUe to be exposed ; and that its base shonld 
be of such dimensions, that the pressnre arising 
ÍTom its own weight, a»d tibat which is msistent upon 
it, may be distributed over a suffieiently large área 
of ground« Now, éo long as these two condiáons 
are fulfiUedy it is safficient ; and anj addittonal sab*- 
stance given to the pier is clearly so mnch addi- 
tional load thrown upon the foandadons, and is 
positÍFely detrimental to the stability and secnrity 
of the slaruoture* 

PeiTonet appears ito ha^e understood better tha 
real use of piecs, although he seems to have been 
more disposed to lighlen them by redoeing tbeir 
externai «dimensions, xather than by coBstructing 
Úkem hollow; for instance, in the Neuilly Bridge 
already meotioned, we find the piers ave less llian 
one-ninth of tíie la^n of the arch. In the bridge of 
St. Maxeoce he has^ howeTer, effected the same 

íng is nearly equal to half that of the center arch ; and that, in the 
case of Southwark Brídge, the weigbt of the pier is vore than twice 
as great as that of the si^erstructMie» which k oaerely senres to sup{X>rt. 
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object hy canyÍDg np the piers íd four coiumns 
uoíted in pairs, aod tnming a small arcli acroBS 
betireen tbem intersecting tiie maia arch of the 
bridge, fts shown in fígnres 93 and 94. 

Fig.93. 




The beat examples, bowever, of a judiciotasly ton- 
triped píer, are tbose of tbe Charing Cross snspen- 
sion bridge, latelj constructed &om the designs oí 
Mr. I. K. Bmnel, asd the constmction of wbích k 
foUy showo in figures 106, 107, 108 and 109. Here 
tbe weigbt of ^t portioc of the pief which is beloir 
the raslÍGatedliaseinent is only two-thirds of wbat it 
voold have been bad it been built sohd, as most of 
tha otíier Ividges aczoss (he Thames bare been. 
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The foregoing remarks apply with equal force in 
lhe case of abutments as in that of pieis, the usual 
practíce in the constraction of which has been to 
form a solid mass of masonry, the weight of which 
materially assists the thrust of the arch in producing 
settlement by the compression of the ground upon 
which it rests. It is obvious that the real use of an 
abutment to an arch is nothing more than to extend 
the surface upon which it rests and from which it 
derives support, without, at the same time, materially 
increasing its pressure, and so by reducing the load 
on any given área to increase the stability of the 
structure ; whereas, it would be found in the majority 
of cases that the pressure upon every square foot of 
surface at the springing is less than that which the 
thrust of the arch and the additional weight of the 
abutment together occasion on the foundation upon 
which they rest 

In building a structure, the weight of which is 
considerable, upon any kind of substratum (except- 
ing only rock), some amount of sinking or settlement 
ÍTom the compression of the ground will almost 
always be found to take place, and, as it is very 
desirable, in the case of a bridge, that the settlement 
pf the piers and abutments, if any, should take place 
previous to the construction of the arch, the piers 
and abutments, when built up to the springing course, 
shonld be loaded with a weight at least equal to that 
of the arch which they are afterwards to carry ; and 
in this State they should be left, if possible, for some 
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months, daring which period the water should be 
admitted into the interior of . the cofier dams, so thát 
the piers may be brought as nearly as possible into 
the same condition as that in which they would be 
when the bridge was completed ; and so that» if the 
ground is disposed to yield under the joint influence 
of the water and the load, it may do so before the 
construction of the arches is commenced. 

Previous to the piers being loaded, and at regular 
intervals afterwards, careful leveis should be taken to 
ascertain whether any settlement has occurred ; and 
as soon as it has been £Dund by means of these 
observations that ali subsidence has ceased, and not 
until then, the arches should be commenced. The 
loading of the piers should be gradually removed as 
the arches progress, in such a manner that the weight 
npon the piers may be maintained as nearly uniform 
as possible. 

Next in importance to securing a firm foundation 
for the piers and abutments is the proper construc- 
tioa of the arch itself. Could the arch stones or 
Toussoirs be worked with perfect accuracy to the 
wedge form required, and then be brought into imme* 
diate contact without the interposition of any mortar 
or cement, as was írequently done. by the Romans 
and the Cyclopsan builders of old, we should have 
an aich in the highest perfection, not liable to settle- 
ment, and which would maintain its form unaltered as 
long as the materiais of the stone endured. Although, 
}iowever« we cannot in practice dispense entirely with 

G 2 
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niôrtar between lhe jointa, they may be reduced soi 
luach in tibkkness sa to leave but flmall loom for 
any afier seitlemeirt in the arch aiising from their 
compcessí oa ; and, by pioper atlentioii to these pointa, 
engineea» fa«ire 80 &r aaoceeded as to be able ior 
oonstract aicbea of Iwo. bondred feet .apan, with a 
aetilemeQt in the crowA of th& aich aí aoaicely 2} 
inches. 

. To support the vouaaobs ef the arch dariog Its 
conatmctkni^ onduBtil the ioBeitíxttof ihe.key stoue,' 
it k xeqiÔBÍte te* have a limber platfinnitemied Ús» 
eenier ar cemiminff^ ihe. iipper auvâice of whieh is 
aoMule to o<»napeod aecmiately «ith ibe intradua of 
the.arcby ao that theshinea being placed upan it 
Hiay be vetained. ia ^their poroper poaitioa, antíl the 
arch ia ooiopleted by the inaertiòn of tbe Jcey etanew 

; It ia reqBÍsite thait 'tía^ eenter of aa axch^ ofonvy 
size, should be constructed with the grèateat possibla 
caie, aàd is aaoh a. mamier that tfaeireight.of <he 
arch atonet aay Mt ^ter ite fonn; a poôit Texyr 
difficult to :be seoaned vith a mateiaal so elaatíc as 
timber^ and rwheie ?ihe hmd ia at fisst tfarown only on 
a email porlio» of Ibe fiMiixig. In oaaes where thív 
haa not beoD auffieieixlly atlended to, it has beea 
finiad xequíaite' to placo a load u{xm the ttiddle of 
âie centeni^ to countéoaet their teaid^cy to lise at 
that point^ oocaaíeped by the depiessíon of theic 
haimehea nnder the wei^ of the ardi stonea* Aad 
iá the centéra for tbe Neniliy Bndge^ designed by 

FevrQilety.fi:oiitdieur'Pecidiar mode of eonstructioiBy 
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the settlement was so considerable {neaày two feet 
at the crown) that a vaúety of expediente bad to bè 
resorted to, to preveni their beíng crosbed, and 
letting down the archea It is also requisite in tbe 
center of an arch to hare tUe meiãia of gmdnally 
lowering the center. as seon after the octi^letioa of 
the arch as may be deemed prodenliy which should 
be done in the most regular anã gradual manner, in 
òrder that the arch raay hxre time to settlie equaUy ; 
this operation is toehnicalW tevitied tíHkinff the 
centers, because th&y are nJsnalljr snpported i>n 
iredges, the striking out cf iwhioh allo^ra of itn 
gradual descent, in the manner wMoh we. haT9 det 
scribed. 

Âs an illustration of the práotkal operatíona in* 
tolved in the constraclion of a^ stoift» faridgeyirQ b$Sf^ 
selected the Grosveioar OBridge' over the Bee at 
Chester, not only on acconnt of the boldsésa o£ iHne 
archy but aiso because serenai nòrel expedieilts trepr^ 
adopted by its engxneer^Mr. Harlley, of lárerpooly 
^th very great success. The profile.of the arch i6 
shown by the line 10 in figure 92^ and "the prineipi&l 
(dimensions of the bcidge will be feuiid . in the tfible 
at page 1 17. Figure 95 is an elevati^n of tbe brídge^ 
and figure 96 a longitudinal sectíon of half the arch 
and the north abutment, showing the center upot 
which it was constructed. 

The south abutmenl of the arch is» fonnded upe« 
the solid rocie, as is aUo tbe piinoipal portk^n of thtt 
on the north side ; bttt tbe rock auddeiily tetmiaaÉini 
at A^ and being succeeâed by a etfatnm òf very loOHie 
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sand, it was foand necesBary to 
diire pUes for the support of the 
back portionof the abntmeot, as 
sbown in the figure The ma 
terial of which tbe bndge ib con 
stnicted is the native sandstone, 
with the exception of the face of 
the abutmenta and the two first 
couTGeB of tbe arch, whicb ara 
of granite, and the three center 
coursesoftheaTcbandthequoms, 
which are of Anglesea marble or 
limestoiíe. By an inapectioa of 
the plate it wíll be seen that the 
prÍDciple of the arch is camed 
oat in tbe abatments, tfae courses 
of which are tnade to ladute J|ÍF 
owards the center of tbe intradoa 
of the biidge, nntil they meet the 
rock, in wbich steps were cut, the 
bed of which partook of the same 
slope, BO that the rock itself may 
be regarded as the actual abnt- 
tnent of the arah. 

Upon Btríking the centers of 
bridges, it is usually found that, 
in consequence of the com- 
pression in a greater or less 
degree of tfab mortar m the 
joiats of the voussoirs, the form 
of the arch becomes modifiedi 
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in coDsequencG of the greater settlement of the stones 
in the center or crown of the arch. The reason of 
which is/that as the stones approach the haunches 
they become less inclined to the horizon, and a 
greater portion of their weight is thrown upon the 
joint, less being borne by the center, from which 
cause the compression of the joints near the haunches 
takes place during the construction of the bridge ; 
wfaereas, in those stones which are near the crowni of 
the archy their weight being almost entirely borne by 
the centersy the joints are but slightly compressed 
nntil the weight of the stones is brought upon them 
by the operation of striking the centers, and then 
the settlement consequent upon this compression 
takes place. We have already explained*, while 
treating of the stability of arches, that, when the 
crown of an arch sinks, the tendency of the arch- 
stones near the crown is to tum upon their outer 
edges, and of those near the haunches upon their 
inner edges, in the manner shown in figure 23, the 
effect of which is frequently seen in the opening of 
the joints at the back of the arch at the haunches^ 
and on the soffit of the arch near the crown, pieces 
being frequently splintered off from the opposite 
édges of the joints in consequence of this tendency 
to tum about them. 

Now in the Chester Bridge this tendency of the 
jòilits to open was guárded against by the insertion of 
thin plates of lead between the arch stones on each 

* Rudiments of Civil Engineeríng, Part I., page 49. 
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side, from the spíinging up as far as that point in 
arch wbere the line of pressure passes ifarongh the 
center of the stones, which in this case was assamed 
to be ai about one-third of the arch ; and ftirther, hj 
two wedges of lead being laíd nnder the springing 
course, wfaich were an inch and a balf in thickness 
on the fàce of the arch, and tan out to nothiog at the 
back. By these means, as the arch settled, the lead, 
being of a yielding natare, became sUghtly coni'- 
pressedy and caused the pressuie to be more eqnally 
distribnted over the surface of the joiats. The 
following method was also adcpted of setting the 
hey stones, by which the joints near the crown of the 
arch were somewhat eompressed pievious to the 
centers being struck : three thin strips of lead were 
placed on the sides of each of the stones composing 
the last course on each side of the iej stones, which 
latter, haring been beameared with a thin kind oí 
pntty composed of white lead and oil, was forced 
down into its place by a small pile-driving engbie, 
the strips of lead serying as slides to prevent the 
stones mbbing against each otber. 

We hare yet to describe the center, which was 
designed by Mr. Tiubshaw, the contractor for the 
bridge, and differed Yery materiálly from any which 
had been previously constructed. It was supported 
«pon fonr temponury piers of stone, built in the river, 
two of which are shown at b,b, in the section (fig. 96). 
From the tops of these piers the timbers which were 
intended to suppprt the arch stones radiated in the 
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manner sliovn in Ae âiwing^ tfaeir lewer end beiíig 
seeured in a cast^ron sboe fixed on the pieríbr their 
reception^ and tbeir upper ends being conneoted toge«> 
tber and retained at nearly equal distances apart hy 
tiro dricknesses of planks c^c, bent lound to the form 
of the arcb, and they were atiU fdrther secared by 
âie horizontal timb^, b^b, to which they irerê 
bolted. There were six of each of Úiese fmlike 
framings in the width of the bridge, placed at eqmal 
distances apart, and ateadied by tronsfreinse timfaers. 
llie tirabera, e,e,b, íbr the support of the ate& 
stoneSy technically called loffffingi, one of which Wèè 
placed under evety joint, were supported npon tfae 
eurved rhn o,c, of each of the framings; foMing 
wedges being placed tmder útem, go that^ by drittng 
úie wedges baek, any portion of the arch might be 
gradnaDy lowered at pleasnre. The pecuharity in 
the constniction a£ this cenier ^ionsisted prhacipally 
in the timbers bring disposed radially, ao as to 
receire the pressure of the vonssoirsf In the direction 
of their length, after the manner of a pillar, in wbièh 
direction timber, wfaen sofcjected eten to very eon-^ 
siderable strains, suffeia Tery elight eompression ( 
and these centers were not therefbre liâble to tli0 
feiling of too inasy others^ tbat ef ehange of form^ 
nnder the uneqnally distribitted load ot the arch 
while in couiae of eonslniotion. The manner in 
which the centers were stmok was aiso pecndiar, that 
of baving separated wedges nnder each arch stone> 
so that any portion of the arch might be réliered 

G 3 
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from support, wbile the remainder was still borne by 
the center; and thus tbe engineer possessed the 
power of allowing those parts of the arch to setde 
first which he might think desirable. Whereas in 
the ordinary form of center it is usual to have the 
entire span of the arch in one framing supported 
upon wedges at each extremity, upon striking which 
the whole of the center would be lowered simul- 
taaeously. 

The method which we have above described, of 
inserting strips of lead between the joints of the 
voussoirs, was adopted with the same -object in the 
construction of a bridge over the Dora Kiparia, 
near Turin. In this instance the engineer con- 
structed the center with a greater rise than that 
which he intended the arch to have when completed^ 
8o as to allow for its settlement; the span of the 
arch was 147*64 feet, and the versine or rise 18*04 
feet, while that of the centers was made equal to 
18*9, or about 10 inches greater. The arch stones, 
which were of granito, having been accurately forined 
to the proper wedge-form, were then put in their 
places on the center, in such a manner that the 
joints near the haunches were made wider on the 
face of tbe arch than at the back, those niidway 
being made parallel, and those near the crown wider 
at the back than on the face of the arch, no mortar 
or cement being placed between the stones, wMch 
were kept at the proper distances apart by wedges 
of iron and lead driven in between them. When 
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the whole arcb had thus been completed, and the 
position of the arch stonea carefully examined, a 
moderately liquid cemeot composed of eqnal por- 
tions of lime and clean sand was poured into the 
jointB. After which, being allowed twenty days to 
coQSolidate, the centers wero gradually struck, wben: 
tbe arch subeided with great regularíty about áf 
íncbea, and a load of about 3000 tons of ballast 
being unifomdy distributed over the arcb, and 
allowed to remain for foui montbs, caused a furthei 
settlement of 1^ incbes, but witboat producing any 
iizegularity íd the form of the arch. 
' The elevatíon (fig. 97) of the bridge constructed 
by Telford, over the Severo, at Gloucester, has been 
Fig.ffJ. 




introduced for the purpose of pointing out a pe< 
culiaríty in the foim of its soffit, âtst suggested by 
Perronet, which consista ia makíng tbe curve of the 
intrados of the arch flatter at the face than in the' 
middle of the arcb» so as to form a kiod of splay on 
éach side, commencíng at tbe bauncbes and dying 
away at the crown where the two cnrves ore made 
to coincide, and at which point only the soffit of the 
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ttrch is straigfat ou the transverse secticm. In the ex-« 
ample whicb we have seleded, lihe form of tbe arcb 
in the center is an ellipse, as sbown bj the line 8, 
fig. 92^ wbile the Une of the intrados on each of the 
externai fiices of tbe bridge fenns a flat segment of 
a circle. Perronet himself applied this peculiar 
mode of fonning the soffit in the Neinlly Bridge, 
over the Seine, aiready referred to, and the dimea- 
ttons of which bare been given in tbe table a6 
page 117. The same principie was aiso adopted in 
Úie bridge whicb we have mentioned above as being 
constructed over the Dora Riparia, near Turin ; but 
in this case both the curves are segments, only the 
externai one is much âatter than the other. In 
addition to the pleasing effect of lightness and grace 
which this metbod of fonning the soffit of an arch 
affords, it possessas some advantagc^ in saring of 
material, as well as afibrding a better form (some- 
what resembling that of the contracted vein) for the 
passage of water, in cases where tbe river, in time of 
floods, is liable to rise abore tbe springing of the 
arch. 

In the conrtmctíon of aicfaes of masonry, some 
kind of centering is absolutely necessary for the 
support of the arch-stones, or voussoirs, until tbe 
keystones are inserted. But^ in the case of brick 
arches, Sir Isambart Brunei, some years since, de* 
vised a metbod of constructing tía&m^ in which the 
use of centering was entírely dispensed witb, and 
in consequence a considerable savitig of expense 
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effected. The piers et the hnàge having been con- 
stracted in the usual xnanDer, up to the springing, 
he pfoposed to cc»BiD«nce bmlding a poition of the 
arch right and left, on both sides, taking care that 
both arches progressed at aii eqoal rate, so that 
they should always balance eáeb ofther; in order 
to increase the coheiâoii of the structure, he intro- 
dnced bands of hoop-iron, longttudinatty between the 
courses, in the mamier already éxplained (at page 81 
of the First Part), and hy these means be was en- 
abled to carry on the two senai-arches, until they 
met thofie produced in a Bimilar waj from the oppo- 
site piers, when, the brickwork being made good 
between them, the arch was maáe pei^eet. He.pro* 
posed that the arched nb, as it were, thus fonned, 
should not be built move than aboiEt four feet in 
width, the true form of the arch being insured by 
the use of a template, as in building curved waUs. 

A narrow arch haring been completed across, Sir 
Isambart proposed to extend it to the requisite 

Fiff. 98. 




width by building on each nde of it, adding from 
nine to eighteen inches at a time, and working in 
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steps in the manner shbwn in fig. 
98, so that a great number of brick- 
layers migfat simaltaneously be em- 
p]oyed. 

It would, probably, by many per- 
sons be considered impossible thus 
to construct a slender arched rib 
of any extent, which should be 
capable of sustainiog itself with 
safety, nntil it had attained a length 
equal to the semi-span of such an 
arch as the center one of lion- 
don Bridge. Sir Isambart, how- 
ever, set ali doubts at rest, and 
demonstrated its practicability by 
actnally constructing two semi- 
arches, an elevation of which is 
shown in fig. 99. They were built 
of bricks laid with mortar prepared 
with bluelias lime; several baiids 
of hoop-iron 1 J inch wide and -jVth 
of an inch in thickness, as well as 
rods of fír about an inch and a half 
sqiiare, and having their edges 
notched, were inserted longitudin- 
ally between the courses, extending 
throughout the whole length of the 
structure. The radius of curvature 
òf the arch was 177 feet, and, 
tdthough only 4 feet 6 inches in 
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indth at the top, it was exteoded 
to the leDgth of 40 feet on eacli 
8Íde of the center píer. One end 
was some lime after extended 
another 20 feet, tnaktng its total 
lengtb irom the píer 60 feet; and 
as the other síde could not be ex- 
tended iD the satne way, in con- 
sequence of want of space, a weight 
amounting to 38^ tons was bob- 
pended from it as a counterpoise. 
The structure havÍDg no foundatton 
wbatevei in the gTOimd, and merely 
resting upon a Yorkshíre lauding 
stone, woB distnrbed by some deep 
excavations made within a few feet 
of its base, which caused the arch 
to crack upon botb sides of the 
pier, as shown at a, a. Altboagb, 
howerer, the fracture extended 
completely tbrongh the substance 
of the arch, so tbat light could be 
seen througb it, the structure stood 
in that State for upwards of three 
yeare, during which time it must 
have been supported hj the timber 
and iroD ties alreadj descríbed. 
The loDgest arm sahseqnently foll - 
duríng the serere frost in Janoary, 
1838, in cóaseqaence of the ex- 
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pansion of some water which had found its wáj 
into these cracks, while in tlie act of fi-eezing^ the 
enormons force of whicb, assisted bj the weigbt õf 
tbe semi-arch, snapt asnnder the ties, and allowed 
it to fali. Figure lOO dxliibits the state af the arch 
after the accident ; the portion which fell separated 
into three pieces, two of these, b and c, being still 
united by the hoop-iron bands, which were not 
broken ; the other piece was the portion of 20 feet 
which had been subsequently added, and which, 
having been bat imperfectly connected witíi the old 
work, broke off nearly even, and was not at ali 
injured by tbe fali. The diorter arm of the arcb, 
being no longer balanced by an equivalent weighL 
feU over into the inc W poriti.» sbown in^ 
figore, nntil it rested npon the top of the weight 
with which it had been loaded. 

Of Ca&Uiron Bridges, 

The principie which has usoálly been adopted in 
the constraction of bridges of cast iron is to snp* 
port tíie rôad way npon separate riibs, each of which 
partakes of the properties of an arch, being snb^ 
jected in like manner entirely to íl campressive force. 
They difier, however, essenlxally iiiom an arok of 
masonry, in respect of th* paits o£ which these ribs 
are composed (and which answer to the voasaoirs of 
the arch) being so securdij connected together as 
to prevent the posâbility of- rotatíon abont Iheir 
edges, should the line of pressore denate beyond 
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the substance of the rib*. In an arch of maBotiiT^ 
íhe object is bo to proportion tbe deptb of the areh 
in every pait, that it may be equilíbriated, or» ia 
otber wordsy tfaat the line of pressura mmy evérj- 
where pa^s direclly throagh the ceofer of every ooe 
of the joi»ts of the roossoirs. In an archedrib of 
cast iron» on the eontnuy, líhe objeet is so to fofm 
the framiog of the ribs and spandriU (wbích, although 
in separate parto, fthould be so conneeted togetfier 
as to be o^e) as. to insúre the titmost rigidityi and 
stifiness combined wkh lightness. It is, then, a 
matter of small importance^ whether the line of 
resistance passes exactUj along tfie center of the 
zib> because the whole semi-^arch máy be looked 
upon as one hnge toussoít, snpported at its loirei 
end upon the pier, and at its upper by the equal 
and similar pressure «xf the other semi-arch. 

We have aireadyt given a rule by which the 
crushing strain ob the rib at the crown of the arch 
may be determined ; it may, however, be desirable 
to illnstrate its practícal application ; for which pur- 
pose we have selected Southwark Bridge. In this 
case, the weigbt of faalf the center arch, with the 
roadway, is about 1520 tons, and the horizontal 
dktance of the center of gravity of the same from 
the springing, abont Õ6 feett, and the versine or 

* See * Rudiments of Engincering,* Part L» page 49. 

t Part U page âd. 

^ The distance of the center of gravity of the whole tobm, from the 
aprioging of tbe arch, is found in the rnanner ezplained at page 18» 
Part I., by multiplying the weight of each separate part by the distance 
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ríse of the arch is 24 feet. Then we have from the 
mie, as 56 is to 24, so is the horizontal thmst to 
1520, which gives 3547 tons for the horizontal thrust 
at the CTOwn of the arch, or the strain tending to 
crush the cast-iron ribs. This strain may be sup- 
posed, without any sensible practical error, to be 
eqaally borne hy ali the ribs, of which there are 
eight ; and, the sectional área of each being about 
214 square inches, we have, for the compressivo 
strain npon every square inch of the ribs, about 
4650 Ibs., or only -^rà of that which would be 
required to crush the material*. 

In the following table we have collected the prin- 
cipal dimensions of a few of the more important 
cast-iron bridges which have been constructed. And 
in fig. 101 we have shown the sectional forms which 
have been adopted in each case for the main ribs* 
We have mentioned at page 69 of the First Part that, 

of it8 center of gravity from the sprínging, and dividíng the sum of the 
producte thus obtained for ali the parts of the brídge by theweight of 
the whole mass. 

* It has been supposed by some, that in Southwark, and many other 
iron bridges, little or no additional strength is derived from the arched 
form of the ribs, and that the real strain to which they are exposed is 
similar to that of a girder supported at each end, and loaded with a 
distríbuted weight, there being scarcely any horizontal thrust; that 
such is not, however, the case, is sufficiently evident, by comparíng the 
weight which girders of the same dimensions as the ribs of the brídge, 
and in the circumstances supposed, would be able to support, with the 
load which they actually sustain ; for, by the rule given at page 68 of 
the First Part, we find that the weight which would hreak such a 
girder would be 108 tons, or about 870 tons for the eight ribs of 
Southwark Brídge, which is less than a fourth of that which they havé 
sustained for many years. 
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in girders exposed to a transverse strain, their 
strength may be xnaterially increased by adopting a 

Fig. 101. 



a 



d 



">. 



particular form of cross section ; in the case, how- 
ever, of the ribs of a cast-iron bridge, where they 
are entirely exposed to a compressivo strain, the 
form of the cross section is immaterial; always. 
Wver, „ppo™.g .1... U» * i. «*oie.d, L 

I 

to prevent any tendency to bend laterally, or side- 
ways. The form of those (shown at g in the 
figure) of the bridge over the Lary appears to be 
the best adapted for this purpose, the side webs or 
flanges imparting considerable lateral stiffness to 
the ribs. 
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The cross section of the ríbs of the Foot du Car- 
tousqI is ahown ia fig. 102 ou a larger scale than 
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die otbers, in oíder to exhibú 

Btore dÍBtÍDOtljr their peculiar 

ooDstrvctiaii. The rib itself is 

foimed of tvo semi-liibular cast 

mgs. A, Jl, vhioh, idien pnt ta 

gether, form a hoUov tnbe, the 

inlerioT of i^ch is ãlled with 

tiniber,di:^aBediaseveraltfaick- ' 

nsBsea, bebt tó ibe curre of tbe 

nbs, 8Dd secmelf boHed to 
gethei hj tbe IwU B ; the oater 
fiam of iheae timbere was irorked 
a litUe lesB than that of the 
ioterior tube of tbe ribB, and the space between 
t^m was filled in inúi asphalte, a cappÍDg of iriíich 
vas alsQ pot over the jobitof tbe ribs ate, to pntect 
the timber oioie efièctually frota the weidheE. Tbe 
tm> iroD . ribG, x, a, wete secarelj bolted togetber 
áloDg their tq>per and iowei edgea by bolts, d, n. 
Thia melbod of oonstioctãon was adopted hy tbe 
engineer, M. Poloocéau, in ord^ to obtain a certain 
amouDt of elasticily, combined witb the stiffitsas and 
sdidity belon^g to cast iron. Tfae área of the 
cast-íron rib itself íb 165 square inches, and ÚM of 
the timbeF filling aboat 274 Bqoare inches. 
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Of Suspension Bridges. 

Having already explained (at page 60 of the First 
Part) the principies upon which the construction of 
suspension bridges depends, and given m^es for 
determining the form of the curve which the chains 
will assume, and ihe sectional área which the chains 
should have in eveiy part, in order to be of uniíbrm 
strength throughout, it now only remains to offer 
some remarks upon the practical application of those 
principies, and then to describe the details of con- 
struction of a few of the more important bridges 
which have been erected upon this principie. 

In the case of bridges of masoniy and iron, both 
írom the weight of the structures themselves, as 
well as from the rigid nature of ihe material, their 
forms are not liable to be altered, or their equi- 
librium disturbed by externai iníluences, such as 
those arismg írom the wind, or ihe transit of heavy 
loads. With suspension bridges, however, the cir* 
cumstances are veiy diíferent, and it has been found 
that they are materially influenced by these externai 
forces, and, in some caseç, have sustained very 
serious injuries from them. The reason of this is to 
be found, not only in the extreme lightness of the 
superstructure of such bridges, in consequence of 
which but.a very slight force is required to put them 
in motion, but also from their peculiar susceptibility 
to vibration, or undulatory motion, arising from the 
center of gravity of the structure being below instead 
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of above the point of sapport, and firom ihe chains 
being in a state of tension, somewhat similar to the 
strings of a musical instrument, so that the sudden 
application of a considerable force to any part of 
the chain, or the continued and regular impulse of 
even a slight force, would cause the chains to alter 
their form, and throw both ihemselves and the plat* 
form into a state of vibration. Thus, suppose the 
whole line abd, in fig. 103, to represent the posi- 

Fig, 103. 




tion of the chains of a suspension bridge while in 
its natural state, and then let us suppose a weight 
to be suddenly brought upon any point £ of the 
platform, about half way between the points of sus- 
pension and the center of the bridge'. Now the 
effect which this weight will produce willbe that of 
depressing the platform below its ordinary levei, and 
also drawing down the chain by means of the sus- 
pension rods, and causing them to a^ume the form 
shown by the lower dotted lines ; the depression of 
the chain at f will, however, be attended by an 
elevation at o, on the opposite side of the center of 
the bridge, and a corresponding elevation in the 
platform. The form of the chain will therefore now 
become as shown by the dotted line a o b f d, and 
the platform, instead of being levei, will have assumed 
the waved or undulatory form, shown by the dotted 
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iine, H E. If, noV, this weiglit be agaiti sodãenly 
remoted, tke chain «nd pkiform will immediately 
letum to tfaeir formar positions; bat in doiag so they 
^nll ba^^e âuiqirired a ceitabi Telochy and momentuiU) 
Baffieient to cany tiiem aii anich bejond their proper 
poskion ia âie oppovite ^Breetkm, and the chains 
auA platform wili ««sume the 'fiorm e^wn by the 
ddtted linei aibci> «nd km, in irbtcii the parts 
pveríouiáy depresBeâ srt now «letatéd, and ^cè 
versa; this position will, however, be only mo- 
mentary, and they will once more retum nearly to 
the position which they at first assumed when under 
the influence of the weight. Ând thus they would 
continue in a state of vibration until the efiects of 
Abe disturiMÒ^ foree bad been gradoaiiy absoibed by 
ijbe resistaaoe of tbe diaiofi 4ind platiòrra to inotioiu 
SeTexal súspension bridgpea havie beea serioúsiy 
iiqured \gj the siasainfi tbua piodiiced by irind, or tbe 
4mnsU Ai beavy loaids. AmoBgst these we nmy 
meotion the f uspeniràon brid^ at Broughton^ near 
Manébefliecy whieh. was bcoioen down on tbe lâth 
of April, IS^l, in ool3se<|Henoe of the TÍbratiún oc^ 
easioaad by ^ compsoiy ef aboi^ 60 soldiers maich- 
isig civev it ; th^ bad prooeeded áboat balf way 
aerosti tbe bridge, whea oae of tbe cbains áuddenly 
brokei and the whole of the men were preoipitated 
into the liFei» althougb most fortunately without any 
loâ9 of life« H^ cbain pier at Brigbton iras also 
yery coneiderábly damaged dmíng a vioknt atonn, 
urbich occiucred >n tbe 15th of October, 18dS, many 
idf lúle atispeaidiag rods beiag baroloen, and a 'COÓ- 
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siderable portion of the roadway in two of the di- 
yisions being carried away. And we have two ímther 
instaoces, in the case of the suspension bridge at 
Montrose, and that over the Menai Straíts, both of 
which have been veiy seriously injured by Btorms 
of wind; the former on the 11 th of October, 1838, 
on which occasion about one-third of ihe roadway, 
or platform of the bridge, was entirely -carried away ; 
and the latter on the 7th of January, 1839, when 
more than one-tUird of the Buspending rods were 
broken, and both the carriage ways rendered impass- 
able, nearly 200 feet of one of them being broken 
away. During the height of the storm, a wave was 
observed to traverse the platform in an oblique 
direction, the height of which was estimated by the 
bridge-keeper at not less than 16 feet. " The 
motion was observed to be greatest about half 
way between the pyramids (or point of suspension) 
and the center of the bridge. The wave increased 
in its progress from the pyramid until it attained 
its maximum altitude near the íirst quarter, and 
at the same instant the extreme, depression was 
near the third quarten The wave then gradually 
diminished to the center of the bridge, and after- 
wards increased to the third quarter, when it attained 
its greatest height at the same time that the first 
quarter was most depressed. The platform and the 
main chains were equally subjected to this un- 
dulatory motion."* 

• Mr. ProvÍ8*8 account of the effects of the wind on the Menai Bridge ; 
Transaction of the Institution of Civil Engineen, voi. iii. p. 959. 

H 
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Tbe aecoúnt here given of what took place oú 
this occasion affords a practical ejcemplification of 
what we have shown in fig. 108, tbe manner itt 
which unânlations in tbe cbams* and platforms are 
produced and pròpagàted. Tbeòe instances are Btif- 
ficient to show tbe necessity of adopting some tneans 
for preventing, as far as possible, this tendency to 
undulation in tbe chains and platfonii ; and they 
further show tbe importance of an inquiry into tbe 
wbole subject of snspension bridges, from which we 
fiught leam tbe laws which regulate these motions in 
tbe chains, witbout a correct knowledge of which áll 
atterapts to prevent them are bat at best random and 
uncertain. In ali cases, however, it is important to 
render tbe platform itself as stiíF and rigid as pos- 
sible, and, further, to connect tbe chains on each 
side of tbe bridge so together as to constitute essen- 
tially bat one cbain, as in those of tbe Charing Cross 
Bridge, so that, their weight being greater, they will 
require a more considerable force to put them into 
motion than where tbe chains are separate, as in tbe 
Menai Bridge. 

We have in tbe following table given tbe chief di- 
mensions of some of tbe principal suspension bridges 
which have been constnicted, either in this countiy 
or abroad ; and in íig. 104 we have given transverso 
sections of tbe chains, showing tbe arrangement and 
disposition of tbe links composing them, which bas 
in each case been adopted. 
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JFÍç, 104. 

No. I9 Union Bridge. 
•• •• 

• •• •• 

No. % Brígfaton Her. 






No. % Ide of Bourboik 
No. 4, Hammeisniith Bridge. 

■ n n ■ 

No. 5, Menai Bridge. 

MD Mlbi j ^ Wk , f n 

n n n n 

uu no HM OH 

No. 6> Conway Bridge. 
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101 
MD 
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No. 7y Bridge at Yienna. 
n j^è iui 
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No. S, Montroie Brídge. 



mV Í 



No. 9, Pont des Invalides. 

:: «^v 

No. JO, Fríbourg Brídge. 
Ko. 11, Charíng Cross Brídge. 



• • • • 

'4 • • • 



The chains of the Union Brídge, No. 1, the Pier 
at Brighton, No. 2, the Brídge in the Isle of Bour- 
bon, No. 3, and the Pont des Invalides, No. 9, are 
formed of rods of round iron ; the others, with the 
exception of the brídge over the Danube, No. 7, and 
the Fríbourg Brídge, No. 10, are formed with flat 
bars of wrought iron, grouped together in chaini;, in 
the manner shown in the figures. The chains of the 
brídge over the Danube are of steei, a materíal 
adopted by the engineer, H. Mitis, on account of its 
great strength combined with lightness ; it is, how^ 
èver, very questionable whether this supposed ad- 
vantage is not the reverse, since firom the extreme 
lightness of the chains of this brídge, as compared 
with the weight of the platform (the latter being 
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nearly fiye times as heayy as the fonner), the bridge 
is found to vibrate considerably under the influence 
of heavy loads or high winds, notwithstanding the 
extreme flatness of the curve formed by its chains, 
the deflexion being less as compared with the span 
than that of any of the other bridges mentioned in 
the table. The chains of the Friboarg Bridge are 
composed of an assemblage of wroaght-iron wires, 
formed into a bundle or cable, but not twisted ; each 
cable is composed of twelve strands containiog each 
fifty-six wireSy and eight strands containing each 
forty-eight wirea, making in the total 1056 wires in 
each chain or cable. The use of wire as a material 
for the chains of suspension bridges has been very 
general on the Continent, and, in many respects, it is 
well adapted for the purpose. It has, howeyer, been 
urged against its use, and with some reason, ths^t it 
is peeuliorly liable to corrosioq, the fábrication of the 
chain being farourable to the secretilou and retention 
of moisture within the interstic^ betweeu the wires, 
by capiUaiy attraction ; and the danger of the intet* 
rior wires beiog by these means çorroded, without 
tba possibility of its being detectei^ by observatioQ. 
In the case of the Fribourg Bridgq, this evil wa» 
guarded against by ioimersing each wire, tbree seve^ 
ral times, for two hours, i^ a mature çS boiling Im^ 
seed oil with a small qnantity of Utbarge soid soot » 
and the same compositiou waa aftexwtixáu payed qy^x 
lhe separ^te strands, and tbe finished cables* 
With regard to the arrangem^nt of th^ chains, ihat 
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aáopted in the Menai and Conway Brídges, Nos. 6 
and 69 namely, d£ having four separate chains, and 
placingthem vertically ovet each otber, is not good, 
in consequence of the large snrface which they tfaus 
present to the wind, and, being separate, the slight 
force required to throw them into motion. This dis- 
advantage was veiy evident in the case of the Menai 
Bridge, dnring the storm to which we hare already 
alluded, when the lateral motion of the chains was 
so considerable, |hat, although suspended át a dis- 
tance of twelve feet apart (as shown in the section), 
^' they had, after the breaking of the transverse ties 
and tubes^ been thrown so violently against each 
other as to cause deep indentations in the iron and 
to break off the heads of the bolts, the shanks of 
which were 3 inches in diameter."* 

In arranging the proportions to be given to the 
several parts of a snspension bridge, the spans and 
deflexions of the contignous openings niust be so 
adjusted, that the horizontal strainis produced by 
the chainâ on each side of the pier shall be equal, 
and consequently balance each other; for, other- 
wise, unless the saddle to which the chains are 
connected were fixed, it would be drawn off the 
pier in the direction of the greater strain, and, if it 
were fixed, the stability of the pier would be en- 
dangered, from the tendency of the greater strain 
to puU it over. It may easily be ascertained 
whether this equality in the horizontal strains 

* Mr. ProvÍ8*a account (before quoted)» p. 964. 
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exists or not, in the foUowing manner: having 
assumed certain proportions for the two openings, 
calculate, by means of the rule already given*, the 
strain upon the chains of each opening (taking as 
the point d that in which the chains meet the pier) ; 
the strains thus obtained will be those acting in the 
direction of the chains, and, in order to ascertain the 
equivalent horizontal strains, we must, by means of 
the first rule at page 63 of the First Part, find two 
points in each of the chains nejir the pier, from 
which we shall ascertain their directions, and we 
may then easily find the amount of the horizontal 
strains, by resolving each of the strains acting in 
the direction of the chains into two others, one 
acting vertically, and the other horizontally, in the 
same manner as has been already explalned at the 
commencement of the third Chapter. Should it 
thus be found, that the horizontal strain produced 
by the chains on one side of the pier would be 
greater than that produced upon the other, their 
relative proportions must be varied, until they are 
made to balance each other. 

* Rudimento of Civil Engineering, Part I., page 64. 
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